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STROBOSCOPIC ASSESSMENT OF VOCAL FOLD KERATOSIS AND 
GLOTTIC CANCER 


ROBERT E. HILLMAN, PHD 
KONSTANTINA SPANOU, MD 


STEVEN M. ZEITELS, MD 
GLENN BUNTING, MA 


BOSTON, MASSACHUSETTS 


DARRYL COLDEN, MD 
JOHN JARBOE, MD 


Disruption of the normal viscoelastic properties of the superficial lamina propria (SLP) results in aberrant vocal fold vibration 
and mucosal wave propagation. Therefore, an investigation was performed to determine whether stroboscopy is a reliable method for 
1) differentiating invasive glottic carcinoma from intraepithelial atypia or 2) determining the depth of cancer invasion. An analysis 
was done on the preoperative vocal fold vibration characteristics of 62 keratotic (intraepithelial, 45; cancer, 17) lesions that were 
subsequently resected by means of microlaryngoscopy. Histopathology and intraoperative mapping were used to specify the depth of 
invasion. A panel of 4 blinded judges was used to assess the amplitude of vocal fold vibration and the magnitude of mucosal wave 
activity in the region of the lesion from videostroboscopic recordings. The final comparative data set comprised only those ratings 
that achieved at least 75% interjudge agreement. Of the 28 intraepithelial lesions that could be reliably evaluated for amplitude of 
vocal fold vibration, only 2 were normal, with the amplitude reduced in 24 and absent in 2. Of the 30 intraepithelial lesions in which 
mucosal wave activity could be reliably assessed, only 2 were normal, with the wave reduced in 24 and absent in 4. Furthermore, 
amplitude of vocal fold vibration and magnitude of mucosal wave propagation were absent in 2 of 4 carcinomas in which the depth 
of microinvasion did not reach the vocal ligament. According to the findings herein, reduced amplitude of vocal fold vibration 
and/or mucosal wave propagation associated with keratosis did not reliably predict the presence of cancer or the depth of cancer 
invasion into the laminae propriae. However, the presence of a flexible mucosal wave probably indicates that there is not extensive 
vocal ligament invasion. Reductions in the amplitude of vocal fold vibration and in mucosal wave magnitude were usually noted in 
intraepithelial atypia, despite the fact that there was no invasion into the SLP. The reduced epithelial pliability could be due to bulky 
keratosis and/or alteration of the SLP occurring as a result of inflammation or fibrovascular scarring. 


KEY WORDS — cancer, carcinoma, dysphonia, dysplasia, hoarseness, keratosis, laryngoscopy, leukoplakia, microflap, 
microlaryngoscopy, phonomicrosurgery, phonosurgery, stroboscopy, vocal cord, vocal fold. 





INTRODUCTION 

It has long been recognized that glottic cancer is 
preceded by a precancerous state! during which 
there is a window of opportunity to eradicate the dis- 
ease before malignant degeneration. This concept was 
developed when vocal fold atypia was recognized 
with increasing frequency around 10 years after the 
introduction of mass-produced cigarettes. The first 
use of laryngeal stroboscopy was reported more than 








Fig 1. Coronal view of vocal fold's layered mi- 
crostructure. (Reprinted with permission.?) A) 
Schematic representation displays that surface 
lesions can have spectrum of patterns of inva- 
sion into layered microstructure of vocal fold. 
B) Diagrammatic demonstration of varied re- 
section techniques that can be performed. 








s - A Vocal ligament 





100 years ago.* It has been suggested that strobos- 
copy is a viable method for 1) distinguishing epithe- 
lial atypia from glottic cancer? and 2) determining 
the depth of invasion of cancer into the laminae pro- 
priae.9 These precepts were established by means 
of pilot data? and anecdotal observations." In these 
two clinical scenarios, the stroboscopic assessment 
is used to assess the lesion's depth, which is an invisi- 
ble third dimension (Fig 1 A”). 


Epithelium 
Superficial lamina propria 


Vocalis muscle 
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= no 
Fig 2. Subepithelial infusion and microflap resection (all views in same patient). A) There is irregular lesion containing 
microinvasive cancer noted in mid-musculomembranous region on left. There is area of keratosis on right. B) After left 
subepithelial infusion of saline solution and 1/10,000 epinephrine. C) Perimeter incision is made to perform epithelial cordot- 
omy for exploration and resection. D) Lesion is retracted as microflap. Residual normal superficial lamina propria is easily 
seen. 


The presumption is that premalignant-appearing 
lesions, which have lost epithelial pliability as re- 
flected by a diminution in vocal fold vibratory (oscil- 
lation) behavior and mucosal wave magnitude, har- 
bor occult invasive cancer. Although this thesis is 
attractive at first glance and is generally accepted, it 
has never been carefully evaluated. Furthermore, it 
has been suggested that information derived from stro- 
boscopic examination should be used to guide intra- 
operative management. This approach has profound 
implications if a layered phonomicrosurgical resec- 
tion approach! *-!? (Fig I B?) is used to treat the lesion. 


MATERIALS AND METHODS 


Subjects. The subjects were 52 patients who un- 
derwent microlaryngoscopic resection of 62 lesions. 
(Ten patients had bilateral lesions.) All patients ex- 
cept 2 (1 patient with videostrobscopy 2 months be- 
fore surgery and another who was examined 5 months 
before surgery) had undergone laryngeal videoendos- 
copy with stroboscopy within | month of surgery. A 
majority of videostroboscopic examinations were per- 





formed less than 2 weeks before surgery. 


Microsurgical Resection. All patients underwent 
en bloc phonomicrosurgical microflap resection by 
means of the subepithelial infusion technique!!-!> 
(Fig 2). Intraoperative resection maps and associated 
whole-mount histopathologic analysis were used to 
specify lesion depth for comparison to the vibratory 
characteristics found on stroboscopic assessments. 
The schematic resection map is a derivation of a tu- 
mor map, and was designed as a routine clinical tool 


a number of years ago to portray the 3-dimensional 


character of vocal edge pathological findings. Each 
lesion was depicted at the time of the surgery to pre- 
cisely delineate the involvement of the laminae pro- 
priae. 


Videostroboscopic Recordings. The videostrobo- 
scopic recordings of the 62 vocal fold lesions were 
randomized into 2 different orders and dubbed onto 
2 master study tapes with a tape editing system. This 
editing system enabled numbering of the video seg- 
ments and the placement of an arrow on the dubbed 
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video samples to indicate the locations of the lesions 
being judged. A majority (47/62) of the videostrobo- 
scopic recordings were from transoral endoscopic ex- 
aminations, and the remainder (15/62) were obtained 
via transnasal flexible endoscopy. 


Judges. Two otolaryngologists and 2 clinically cer- 
tified speech-language pathologists served as judges. 


. All judges had extensive experience in evaluating 


videostroboscopic recordings and were blinded to the 
intraoperative lesion mapping and histopathologic re- 
sults for the study group. Before carrying out their 
independent evaluations of the videostroboscopic re- 
cordings, all of the judges participated as a group in 


a training session. During this session, videostrobo- 


scopic recordings of patients with keratotic lesions 
similar to those included in the study were shown 
and discussed so that the judges could reach consen- 
sus ratings of amplitude of vocal fold vibration and 
mucosal wave activity. After this session, a video ed- 
iting system was used to dub these examples onto a 
master reference tape along with labeling that repre- 
sented the group's consensus ratings of each sample. 


. This tape was viewed by each judge before he or she 


performed independent ratings of the study record- 
ings. The reference tape was also available for each 
judge to refer to during the evaluation of the study 
tapes. 


Evaluation of Videostroboscopic Recordings. Each 
judge independently evaluated each of the 2 study 
tapes with no audio playback (to eliminate the poten- 
tial confounding influences of auditory perception 
of voice quality), using standard forms to record his 
or her responses. The judges were instructed to sepa- 
rately rate the amplitude of vocal fold vibration and 
the mucosal wave activity at the lesion location by 
using the following scale: normal, slightly. reduced, 
greatly reduced, absent, or could not rate. Amplitude 
of vibration was defined as the degree of excursion 
of the vocal fold from the midline of the glottis that 
occurred during phonation.!® Mucosal wave magni- 
tude was defined as the amount of surface wave de- 
formation of the vocal fold that occurred during pho- 
nation.!© The judges were allowed to use the jog shut- 
tle control on the video playback deck to slow down 
and/or replay-each video sample as many times as 
they wanted to before finalizing their ratings. At least 
24 hours elapsed between each judge's evaluations 
of the 2 randomized study tapes. 


A criterion level of at least 75% interjudge agree- 
ment was set for accepting the videostroboscopic rat- 
ings. Video segments that failed to reach this level 
of agreement were not used for final comparisons of 
intraoperative mapping ,and histopathologic lesion 
data. Because the highest interjudge variation was 


observed between the ratings of “slightly reduced” 
and “greatly reduced,” it was subsequently decided 
to combine these 2 categories into | category repre- 
senting simply “reduced” amplitude of vibration or 
mucosal wave activity. In addition, video segments 
were also eliminated from the final comparisons if 
at least 50% of the judgments (4/8) were “could not 
rate." Thus, in the final transformed data set, ampli- 
tude of vocal fold vibration and mucosal wave ac- 
tivity for each video segment were classified sepa- 
rately as normal, reduced, absent, could not rate, or 
unreliable rating (ie, less than 75% interjudge agree- 
ment). 


RESULTS 


Surgical Excision. All patients underwent subepi- 
thelial infusion, epithelial cordotomy, and en bloc mi- 
croflap resection of the lesion. Although there were 
no positive cancer margins that required re-resection, 
it was not unusual to have atypia at the perimeter 
margins of the resected specimens. Histopathologic 
analysis revealed that 45 of the 62 lesions contained 
intraepithelial atypia or hyperplasia. Cancer was 
noted in 17 of the 62 lesions. According to the histo- 
pathology and intraoperative mapping, the depth of 
the cancer invasion extended to the superficial lamina 
propria (SLP) in 6 of the 17, to the vocal ligament in 
9, and to the vocalis muscle in 2 (Fig 1). 


Amplitude of Vocal Fold Vibration. The intrajudge 
reliability for the amplitude of vocal fold vibration 
assessments ranged from 75.8% to 96.8% across the 
4 judges. For 6 of the 62 (9.7%) recorded video seg- 
ments, the amplitude of vocal fold vibration could 
not be rated on 50% of the judgments (4/8). Thus, 
these segments were eliminated from further analy- 
sis. Of the remaining 56 video segments, 31 (55.4%) 
were rated with at least 75% interjudge agreement. 
After the slightly and greatly reduced categories were 
combined, 43 of the 56 segments (76.8%) were rated 
with at least 75% interjudge agreement. The Table 
displays a summary of the final stroboscopic ratings 
of the amplitude of vocal fold vibration versus depth 
of lesion. 


Magnitude of Mucosal Wave Propagation. The 
intrajudge reliability for mucosal wave evaluation 
by the 4 judges ranged from 79.0% to 96.8%. For 6 
of the 62 (9.7%) recorded video segments, mucosal 
wave activity could not be rated on 50% of the judg- 
ments (4/8). Thus, these segments were eliminated 
from further analysis. Of the remaining 56 video seg- 
ments, 35 (62.5%) were rated with at least 75% in- 
terjudge agreement. After the slightly and greatly re- 
duced categories were combined, 45 of the 56 seg- 
ments (80.4%) were rated with at least 75% inter- 
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AMPLITUDE OF VOCAL FOLD VIBRATION, AND 
MAGNITUDE OF MUCOSAL WAVE, VERSUS DEPTH 
OF LESION 


Lesion Depth 
l 2 3 4 Total 




















Vibration 
Normal 2 0 | 0 3 
Reduced 24 2 3 0 29 
Absent 2 2 5 2 |] 
Not rated 5 | 0 0 6 
Unreliable ratings 12 l 0 0 3 
Total 45 6 9 2 62 

Mucosal wave 
Normal 2 0 | 0 3 
Reduced 24 2 2 0 28 
Absent 4 2 5 2 13 
Not rated 5 | 0 0 6 
Unreliable ratings 10 l | 0 12 
Total 45 6 9 2 62 
Coding for lesion depth: | — intraepithelial atypia; 2 — microinva- 
sive cancer into superficial lamina propria but not into vocal liga- 
ment; 3 — cancer invading vocal ligament but not vocal muscle; 


4 — cancer progressing through vocal ligament and into vocal muscle. 








judge agreement. The Table displays a summary of 
the final stroboscopic ratings of the magnitude of mu- 
cosal wave activity versus lesion depth. 


DISCUSSION 


In the present study, laryngeal stroboscopy was 
not a reliable method by which to determine the pres- 
ence of cancer or the depth of cancer invasion into 
the laminae propriae. It was remarkable that the vo- 
cal folds with intraepithelial atypia were overwhelm- 
ingly judged to have impairments in vocal fold vibra- 
tion amplitude and mucosal wave magnitude. Of the 
28 intraepithelial lesions that could be reliably evalu- 
ated for amplitude of vocal fold vibration, only 2 were 
normal, with the amplitude reduced in 24 and absent 








Fig 3. Verrucous keratosis of both vocal folds: there was 
no mucosal wave noted on stroboscopy. Microflap resec- 
tion revealed epithelial hyperplasia without atypia. 


in 2 (see Table). This tendency has been noted previ- 
ously by other authors.’ Of the 30 intraepithelial le- 
sions in which mucosal wave activity could be reli- 
ably assessed, only 2 had normal wave motion, while 
the wave magnitude was reduced in 24. More strik- 
ing was the fact that the magnitude of the wave was 
judged as being absent in 4 of the 30 (see Table). It 
is also worth noting that before the combination of 
videostroboscopic data into a "reduced" category, a 
majority of the reliable ratings (ie, 275% interjudge 
reliability) for intraepithelial lesions fell within the 
subcategory of "greatly reduced" for both amplitude 
of vibration (11/14) and mucosal wave magnitude 
(13/16). These findings lend further support to the 
observation that intraepithelial lesions such as non- 
cancerous keratosis (Fig 3) or papilloma may cause 
impaired pliability. 

Furthermore, vocal overusers who develop subse- 


quent epithelial lesions could have had prior loss of 
normal SLP caused by lifelong phonotrauma (Fig 4). 





Fig 4. Pop vocalist with long history of vocal abuse. A) There is keratosis overlying sulcus deformity. There is another. more 
subtle sulcus noted on right vocal fold. There was no mucosal wave progression through lesion. B) After subepithelial infusion 
on left, depressed area of left sulcus is well seen. Subsequent microflap resection revealed intraepithelial hyperplasia. 
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Fig 5. A) Extensive cancer in right vocal fold. Because of size of lesion, subepithelial infusion revealed equivocal information 
about whether disease was invading vocal ligament. B) After epithelial cordotomy and development of microflap that encom- 
passed lesion, it can be well seen that there was no disease extending into vocal ligament. Note that fibers of superficial lamina 
propria can be dissected easily with cold instrumentation. 


Alternatively, compensatory phonotrauma to the SLP 
and associated stiffness can result from ongoing vo- 
cal overuse after the genesis of the surface epithelial 
lesion. Finally, the patient could have developed fi- 
brosis of the SLP as a result of prior endolaryngeal 
instrumentation. One or all of these factors may be 
present in patients in whom clinical stroboscopy sug- 
gests impaired mucosal wave oscillation but in whom 
histopathology reveals intraepithelial atypia. 


These factors also explained the next observation. 
Even when cancer was present in association with a 
complete loss of vibration and the mucosal wave, this 
finding was not a reliable indicator that the disease 
was invading the vocal ligament. Of the 9 vocal folds 
with cancer and no amplitude of vibration or magni- 
tude of the mucosal wave, the subepithelial infusion 
and subsequent resection revealed that 2 had micro- 
invasion confined to the SLP (Fig 5 and Table). The 
accuracy of the intraoperative assessment of the depth 
of cancer invasion 1s supported by the fact that none 
of these patients underwent resection of the vocal 
ligament and none developed a local cancer recur- 
rence (after >2.5 years of follow-up in the majority). 


A final observation was that | of the 3 lesions with 
normal vibration amplitude and mucosal wave propa- 
gation had associated cancer (see Table). Although 
an area of that lesion reached the vocal ligament, there 
was enough normal SLP underlying the lesion to al- 
low for the visual impression of normal epithelial pli- 
ability and, on stroboscopy, a normal mucosal wave. 
This situation is encountered routinely when microin- 
vasive cancer occurs in a field of Reinke’s edema. 


Interestingly, a similar physiological scenario can 
be observed in the phonatory oscillation characteris- 
tics of musical theater performers. These individu- 
als often have various amounts of phonatory-induced 


fibrous scarring in the superficial aspect of the SLP. 
just under the epithelial basement membrane. This 
fibrovascular scarring simulates the epithelial stiff- 
ness that occurs with microinvasive cancer. These 
individuals also have a significantly greater volume 
of flexible SLP (similar to Reinke’s edema) under- 
lying the fibrovascular scarring. We hypothesize that 
these anatomic findings are the result of elevated sub- 
glottal driving pressures associated with long-term 
use of a “belting” singing voice. The increased vol- 
ume of flexible SLP facilitates the appearance of nor- 
mal vocal fold vibration despite the surface stiffness. 


The results of this study highlight the subjective 
nature of evaluating videostroboscopic recordings. 
Even though all of the judges in this study agreed 
ahead of time on how to rate representative examples 
of videostroboscopic recordings, and these examples 
were then used during the study as reference points 
(anchors), there was still a relatively high degree of 
interjudge variation in the ratings. This variation oc- 
curred mostly between the "slightly" and "greatly" 
reduced categories, leading to a combining of rat- 
ings within a "reduced" category, and to the elimi- 
nation of ratings that had less than 75% interjudge 
agreement. On the basis of this experience, we be- 
lieve strongly that studies that use videostroboscopic 
ratings must demonstrate that such ratings attain an 
acceptable level of reliability across multiple inde- 
pendent judges to be considered valid. 


The aforementioned findings regarding vocal fold 
vibratory amplitude and mucosal wave magnitude 
associated with surface premalignant and cancerous 
vocal fold epithelia support the following paradigm. 
It has been previously shown that normal epithelium 
is translucent!’ and understandably has little substan- 
tive viscoelasticity. Normal vocal fold vibration and 
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mucosal wave activity primarily reflect the viscoelas- 
tic properties of the underlying normal SLP. How- 
ever, hyperplastic or diseased epithelium, especially 
with overlying thick keratosis, can result in decreased 
vibration amplitude and mucosal wave pliability. A 
reduction in these parameters can also result from a 
loss of SLP. Unfortunately, stroboscopic assessment 
of the surface does not allow for differentiation be- 
tween underlying fibrosis and cancer invasion of the 
SLP. This differentiation is best made by means of a 
subepithelial infusion and subsequent epithelial cor- 
dotomy. Developing a microflap that encompasses 
the lesion!!-13.15 (Figs 2D and 5B) facilitates visual 
examination (under high magnification) of the un- 
dersurface of the lesion and the residual normal SLP. 
If the stroboscopic examination reveals that substan- 
tial vibration and mucosal wave flexibility are pres- 
ent, it is reasonable to assume that the disease is not 
invading the vocal ligament (medial and deep lami- 


nae propriae)'*-20; however, it cannot be assumed that 
the disease is benign. 


CONCLUSIONS 


1. Laryngeal stroboscopy is not a reliable technique 
for distinguishing intraepithelial vocal fold atypia 
from invasive cancer. 


2. Laryngeal stroboscopy is not a reliable technique 
for determining the depth of invasion of vocal fold 
cancer. 


3. Arelatively normal mucosal wave suggests that 
the lesion is not extensively invading the vocal liga- 
ment. 


4. Because of the subjective nature of videostrobo- 
scopic ratings, studies that use them should enhance 
their dependability by demonstrating that the ratings 
attain an acceptable level of reliability across multi- 
ple independent judges. 
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ROLE OF LARYNGOSCOPY, DUAL PH PROBE MONITORING, AND 
LARYNGEAL MUCOSAL BIOPSY IN THE DIAGNOSIS OF 
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There is no standard for detemine significant pharyngoesophageal EH This prospective blind comparison study compared 
dual pH probe studies, direct laryngoscopy, and mucosal biopsy in children without symptoms of gastroesophageal reflux who 
underwent airway evaluation. Significant reflux to the lower esophageal probe did not correlate with statistical significance with 
reflux to the upper probe. In this group of asymptomatic patients, a positive lower pH probe finding did not correlate with upper or 
lower esophageal mucosal inflammation. Eosinophilia in the esophageal mucosa is diagnostic of gastroesophageal reflux disease, 
and was seen in 5 of the laryngeal biopsies. A weak correlation was seen between positive findings at laryngoscopy and positive 
posterior cricoid biopsy in this group. There may be no consistent way to predict significant pharyngoesophageal reflux in asymp- 
tomatic patients. Single-probe pH testing will not predict significant pharyngoesophageal reflux with mucosal changes. Laryngos- 
copy and upper pH probe findings only weakly correlate with significant histologic findings. Laryngeal and posterior cricoid biopsy 
may be the only sensitive test for mucosal injury. Clinical trials of empiric antireflux therapy should be used to determine whether the 
laryngeal changes seen in these patients are reversible. 


KEY WORDS — intraepithelial eosinophils, laryngoscopy, mucosal biopsy, pH probe, pharyngoesophageal reflux, ibat: 


stenosis. 


| INTRODUCTION 
The actual incidence and otolaryngological impli- 


. cations of gastropharyngeal reflux are controversial. 


Investigators have tried to associate diverse disease 
processes as chronic rhinosinusitis, chronic otitis me- 
dia, and laryngeal carcinoma to gastropharyngeal re- 
flux.!-8 Animal models have associated the develop- 
mentofsubglottic stenosis with the application of gas- 
tric refluxate.? Some clinicians emphasize the need 
for adequate treatment of gastropharyngeal reflux in 
the perioperative management of patients undergo- 
ing laryngotracheal reconstruction.? Others report no 
differences in the outcome of laryngotracheal recon- 


. Struction in patients treated for gastroesophageal re- 


flux versus untreated patients. 1? 


No gold standard for diagnosis or treatment exists 
for supraesophageal reflux. Some have reported that 
there is an overestimation of acid reflux in the de- 
velopment of posterior laryngitis as diagnosed by pH 
probe study and esophageal biopsy.!! Normative data 
have not been collected for gastropharyngeal reflux 
in either adults or children. Dual-probe pH monitor- 


ing is currently the best method available for detect- 
ing reflux of acid to the lower or upper esophagus,. 

but the definition of significant reflux to the phar- — 
ynx has not been determined. Some investigators in- 
dicate that any reflux to the level of the pharynx is 
pathological and should be treated!7; however, it is 
well known that about 50% of infants have regurgi- 


. tant vomiting at least once per day, so this criterion 


is somewhat illogical in pediatric patients.!? 


Laryngeal findings that were thought to show sig- 
nificant gastropharyngeal reflux have been cata- 


- logued. 1214:15 Posterior glottic edema, hypervascu- 


larity, and pseudosulcus are considered important 
signs of reflux laryngitis. These laryngeal signs may 
be present even when gastroesophageal reflux can- 
not be demonstrated by pH probe. These findings have 
been shown to be reversible in adults, after empiric 
therapy for gastroesophageal reflux. 15 


Inflammation and especially intraepithelial eosino- 
philia in the esophageal mucosa is thought to be path- 
ognomonic for reflux esophagitis and is seen in chil- 
dren with symptoms of gastroesophageal reflux who 
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have positive pH probe studies.!© It is unknown 
whether this histologic finding is also seen in the lar- 
ynx. 


Gastropharyngeal reflux is thought to be a predis- 
posing factor leading to complications after laryn- 
gotracheoplasty. This study evaluated children with- 
out other symptoms of gastroesophageal reflux be- 
fore surgical repair of their subglottic stenosis. Find- 
ings of laryngoscopy, dual-probe pH monitoring, and 
esophageal and laryngeal histologic examination were 
assessed in an attempt to find a correlation between 
physical findings, results of pH probe testing, and his- 
tologic findings. We hypothesized that laryngeal ap- 
pearance or histologic findings would correlate with 
findings of pharyngeal reflux on pH probe study, even 
though these children were otherwise asymptomatic. 


METHODS 


Patients. Consecutive patients under evaluation for 
airway reconstruction at Children's Hospital Medi- 
cal Center in Cincinnati were included in the study 
group. Informed consent was obtained to enter the 
study as approved by the Institutional Review Board. 
These patients were undergoing routine laryngos- 
copy, bronchoscopy, esophagoscopy, and pH probe 
placement before possible airway reconstruction. 
Thirty-nine patients entered and completed the study. 
There were 23 boys and 16 girls. The age range was 
0.5 to 11 years, with an average age of 3.5 years. No 
patient had symptoms of chest pain, vomiting, or ex- 
cessive regurgitation for his or her age. 

Rigid Videomicrolaryngoscopy. During routine air- 
way evaluation under general anesthesia, the rigid 
endoscopy was videotaped in each patient. À single 
videotape was then edited to include the laryngoscop- 
ic portion of the evaluation. No patient identifica- 
tion was included on this tape. Eight pediatric oto- 
Jaryngologists reviewed the videotape and rated each 
larynx for the presence or absence of “reflux laryn- 
gitis." Qualities consistent with reflux laryngitis were 
posterior glottic edema, laryngeal erythema, laryn- 
geal hypervascularity, and laryngeal pseudosulcus. 
A larynx was considered positive or negative for re- 
flux laryngitis if 6 of the 8 otolaryngologists agreed 
on the laryngoscopic findings. 

Laryngeal and Esophageal Biopsies. During laryn- 
goscopy, full-thickness mucosal biopsy specimens 
were obtained from the posterior cricoid area and 
the interarytenoid larynx with a small cupped for- 
ceps. Esophageal biopsy specimens were obtained 
during esophagoscopy. Mucosal biopsy specimens 
were obtained from the distal esophagus, the area 3 
to 4 cm above the lower esophageal sphincter, and 
the upper third of the esophagus with a standard bi- 
opsy forceps. All of the specimens were sent for rou- 


tine histologic examination. A single pathologist, 
blinded to the results of the pH probe study and the 
endoscopic evaluation, scored the biopsy specimens. 


The esophageal mucosal biopsy specimens were 
evaluated by standard histologic criteria for reflux 
esophagitis. !© As there are no standards for histolog- 
ic changes caused by reflux in the larynx, the stan- 
dards for esophageal inflammation caused by reflux 
were used in the larynx. A grading scale from 0 to 4 
for histologic changes was used, with 0 meaning no 
alterations and 4 meaning severe changes. Grades 
for basilar hypertrophy, vascular penetration, and 
eosinophils in the mucosa were recorded for each 
specimen. The histologic findings were considered 
diagnostic of inflammation caused by reflux if all 3 
items of the diagnostic cluster received a score of 1 
or more. The histologic findings were considered sug- 
gestive of inflammation caused by reflux if any 1 
item of the diagnostic cluster received a score of 2 
or more. The histologic findings were considered con- 
sistent with inflammation caused by reflux if intraepi- 
thelial eosinophils were present in the mucosa. If the 
pathologist was unable to adequately evaluate these 
features because of the quality of the biopsy speci- 
men, the data were considered inadequate. 


pH Probe. At the time of laryngoscopy and bron- 
choscopy, a dual-probe pH monitor was placed. The 
lower probe was positioned within 3 to 5 cm of the 
lower esophageal sphincter, and the upper probe was _ 
placed just above the cricopharyngeus. The probes' 
positions were confirmed at placement in the operat- 
ing room and with subsequent fluoroscopic confirma- 
tion. Continuous dual pH probes with intraprobe dis- 
tances of 5, 10, or 15 cm were used (Medtronic Func- 
tional Diagnostics, Shoreview, Minn). Recordings 
were registered every 8 seconds on the Medtronic 
recording system. The pH was monitored overnight 
for a minimum of 16 hours. A single gastroenterolo- 
gist blinded to the laryngoscopic and histologic find- 
ings analyzed the data. The number of individual re- 
flux episodes and the percentage of time the reflux | 
had a pH less than 4 were recorded at the upper and 
lower probe sites. Reflux to the lower probe was con- 
sidered significant if the pH was less than 4 for more 
than 10% of the study time. Gastropharyngeal reflux 
to the upper probe was considered significant if the 
pH was less than 4 for more than 3% of the time. 


RESULTS 


Microlaryngoscopic Evaluation. Reflux laryngi- 
tis was determined to be present or absent if 6 of the 
8 otolaryngologists agreed on the endoscopic find- 
ings. A majority consensus was obtained in 28 of the 
39 larynges (72%). With this consensus from the pan- 
el of endoscopists, 12 larynges (31%) were consid- 
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TABLE 1. CONSENSUS OF OTOLARYNGOLOGISTS 
DURING VIDEOLARYNGOSCOPY 


6/8 718 8/8 
Observers Observers Observers 
Agree Agree Agree 
(75%) (87%) (100%) 
No. of patients 28/39 (72%) 18/39 (46%) 11/39 (28%) 
Reflux laryngitis 12 6 3 
No reflux laryngitis 16 12 8 


ered positive for reflux laryngitis and 16 (41%) were 
considered negative by endoscopic criteria. An 87% 
(7/8) consensus was reached 46% of the time (18/ 
39), with 6 patients considered positive and 12 con- 
sidered negative for reflux laryngitis. Consensus 
agreement by all of the observers (8/8) was achieved 
28% of the time (11/39), with 3 patients considered 
positive and 8 considered negative for reflux laryngi- 
tis (Table 1). 


Laryngeal and Esophageal Biopsies. Of the 39 pa- 
tients who had biopsy specimens taken, an adequate 
specimen for histologic analysis was obtained from 
the lower esophagus in 34, from the upper esopha- 
gus in 32, from the posterior cricoid area in 34, and 
from the interarytenoid area in 31. Fragments that 
were not thick enough to have their basal mucosal 
layers evaluated by the pathologist were not included 
in the data. Sixteen of the 34 lower esophageal biop- 
sies (47%) showed histologic changes consistent with 
reflux esophagitis. Sixteen of the 32 upper esopha- 
geal biopsies (50%) showed histologic changes con- 
sistent with reflux esophagitis. Fourteen of the 34 
posterior cricoid biopsies (41%) showed histologic 
changes consistent with inflammation from reflux. 
Ten of the 31 interarytenoid biopsies (32%) showed 
histologic changes consistent with inflammation from 
reflux. 


Eosinophilia is one of the important histologic fea- 
tures of esophageal inflammation from reflux. Signif- 
icant histologic eosinophilic infiltration was seen in 
7 of the lower esophageal biopsies, 5 of the upper 
esophageal biopsies, 5 of the posterior cricoid biop- 
sies, and 2 of the interarytenoid biopsies. 


pH Probe. The pH was less than 4 at the lower 
probe for more than 10% of the study time in 11 of 
the 39 patients (28%). These patients were consid- 
ered to have significant reflux to the lower esopha- 
gus. The pH was less than 4 at the cricopharyngeal 
probe for more than 3% of the study time in 10 of 
the 39 patients (26%). These patients were consid- 
ered to have significant reflux to the pharynx. Five 
patients (13%) were found to have significant reflux 
to both upper and lower pH probes by these criteria. 
Five patients (1396) were found to have significant 
reflux to the upper pH probe alone. Significant re- 


TABLE 2. FREQUENCY OF SIGNIFICANT REFLUX 
DURING OVERNIGHT PH STUDY 


No. of 
Patients 
Lower probe pH «4 more than 10% of time 6/39 (15%) 
Upper probe pH <4 less than 3% of time 
Lower probe pH <4 more than 10% of time — 11/39 (28%) 


Lower probe pH «4 more than 1046 of time 5/39 (13%) 


Upper probe pH «4 more than 3% of time 
10/39 (2690) 
5/39 (13%) 


Upper probe pH <4 more than 3% of time 


Upper probe pH <4 more than 3% of time 
Lower probe pH «4 less than 10% of time 


flux to the lower pH probe alone was found in 6 pa- 
tients (15%; Table 2). 


There was a general trend toward more frequent 
episodes of reflux to the lower probe as compared to 
the upper probe. There was a weak correlation (R — 
.28, p « .08) between reflux to the upper probe and 
reflux to the lower probe. This was not found to be 
statistically significant (Table 3). 


Correlation and Relationships. Comparisons were 
made between the histologic findings from the lower 
esophagus, upper esophagus, and posterior cricoid 
and interarytenoid areas; the upper and lower pH 
probe data; and the laryngoscopy findings. Statisti- 
cally significant correlations were found between 
lower esophageal and upper esophageal (R = .44, p 
« .015), upper esophageal and posterior cricoid (R = 
.A7, p < .015), and upper esophageal and interaryte- 
noid (R = .46, p « .025) histologic findings. A weak 
correlation that was not statistically significant was 
found for laryngeal endoscopy and interarytenoid his- 
tology (R = .29, p < .075), as well as for lower ver- 
sus upper pH probe findings (R = .28, p « .08; Table 
3). | 


There was a trend toward fewer episodes of reflux 
with a pH ofless than 4 to the upper probe in patients 
with normal histologic findings as compared to those 
with inflammation consistent with reflux in the inter- 
arytenoid biopsies. However, this was not statistically 
significant (see Figure). 


DISCUSSION 


The diagnosis and treatment of potential laryngeal 
complications of gastropharyngeal reflux remain con- 
troversial. The demonstration in animal models that 
the infrequent application of gastric contents to the 
subglottis can induce stenosis, with increased inflam- 
mation and scarring after exposure of cricoid carti- 
lage, strongly suggests that even infrequent exposure 
of the postoperative larynx to gastric contents may 
be damaging.? Hanson et al? reported that 96% of 
patients with reflux laryngitis improved with empiric 
antireflux therapy. The normal frequency of reflux 
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TABLE 3. KENDALL TAU BETA CORRELATION COEFFICIENTS, P VALUE, AND SAMPLE SIZE COMPARING UPPER 
AND LOWER PH PROBES, HISTOLOGIC FINDINGS, AND ENDOSCOPIC FINDINGS 


Upper- Lower- 
Probe pH Probe pH 
Lower-probe pH R .2844] 
p .0796* 
N 39 
Lower esophageal histology R 1716 10214 
p 3242 .5574 
N EP. 34 
Upper esophageal histology R 0 0 
p | l 
N 32 32 
Posterior cricoid histology R 18232 ,11573 
p 2949 .5062 
N 34 34 
Interarytenoid histology R 22384 0333 
p .2202 8551 
N 31 3] 
Endoscopy R 06828 1147 
p .6558 .4541 
N 39 39 
*p « .08. 
*p«.025. 





to the level of the pharynx is not well established, 
and in infants and children these normative data are 
simply unavailable. The amount of gastropharyngeal 
reflux that would be expected to cause a difference 
in the outcome of laryngotracheoplasty is unknown. 
Zalzal et al,!9 however, reported that the presence or 
treatment of reflux did not affect the outcome of la- 
ryngotracheal reconstruction. The main problems 
with current pediatric studies continue to be the dif- 
ficulty in defining which patients may be at risk from 
gastropharyngeal reflux, since no studies have estab- 
lished a normal range for pharyngeal reflux or a re- 
lationship between any amount of reflux to the esoph- 
agus or pharynx and disease. In fact, the pediatric 
studies available show that upper esophageal pH 
probe recordings are no better than normal single- 


# Episodes 


0 0.5 1 1.5 
Laryngeal Histology 


Lower Upper Posterior 
Esophageal | Esophageal Cricoid Interarytenoid 
Histology Histology Histology Histology 
43836 
0147+ 
32 
3077 47087 
.0867 .0112* 
32 30 
,12595 .46156 .18045 
.5128 .0211 .3397 
28 26 29 
04837 0 .2943] .05435 
.7686 l .0734* o2] 
34 22 34 3l 








probe esophageal recordings for discriminating which 
pediatric patients are at risk for airway complications 
of gastroesophageal reflux.! -!? The current study at- 
tempted to correlate esophageal and pharyngeal pH 
probe recordings with laryngoscopic findings that are 
thought to be consistent with reflux-associated dis- 
ease and with biopsy findings from the larynx and 
esophagus. Findings made at laryngoscopy that are 
consistent with reflux laryngitis have been catalogued: 
edema, hypervascularity, and pseudosulcus.!?.!? Sub- 
jective analysis of the larynx through laryngoscopy 
may not give reproducible data, however. Interob- 
server consistency is required to give reliable param- 
eters for reflux laryngitis for comparisons between 
patients and for follow-up. Six of the 8 observers 
agreed upon the presence or absence of laryngeal re- 


Number of episodes of reflux with pH of «4 at 
upper pH probe compared to laryngeal histo- 
logic findings (combining both posterior cri- 
coid and interarytenoid histologic findings). | 
— normal histologic findings: 2 — histologic 
findings consistent with reflux inflammation. 
There is trend toward more frequent reflux in 
inflammation group, but this carries no statis- 
tical significance. 





we, 
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flux changes in 28 of the 39 patients (75%); 7 of the 
8 agreed in only 18 of the 39 patients (46%); and 
there was consensus among all 8 observers in 11 of 
the 39 patients (28%; Table 1). There was a weak 
correlation between laryngoscopy and posterior cri- 
coid histology that was not statistically significant 
(R 2.29, p < .07). Although interobserver reliability 
was poor, laryngoscopy was a better predictor of ab- 
normalities in laryngeal histologic specimens than 
were the pH probe measurements. 


The pH probe and esophageal mucosal biopsy have 
been the main diagnostic tools for reflux esophagi- 
tis; both have shown abnormal findings in.patients 
with symptomatic esophagitis.!© Patients with laryn- 
geal pathological changes caused by gastropharyn- 
geal reflux often do not have symptoms of gastro- 
esophageal reflux. ?-Infrequent reflux of gastric con- 
tents to the pharynx may be all that is necessary to 
cause substantial changes in the larynx.!? It is thought 
that gastropharyngeal reflux does not need to be a 
daily event to cause significant changes in the lar- 
ynx. It should be inherent, then, that 24-hour dual- 
probe pH studies may not capture meaningful reflux 
events. Normative data are not available for pediat- 
ric patients. 


We therefore initially evaluated our data with the 
supposition that if the pH in the pharynx was less 
than 4 for more than 3% of the recording time, this 
likely would discriminate between those patients with 
a high risk of laryngeal reflux complications and 
those with less acid exposure in the pharynx. Using 
this criterion, we found that 2646 of our study pa- 
tients had reflux with a pH of less than 4 to the upper 
probe more than 3% of the study time, but these pa- 
tients were not more likely to have changes sugges- 
tive of reflux disease on either laryngoscopy or la- 
ryngeal histology. Reanalysis of the data to deter- 
mine whether simply counting episodes of reflux to 
the larynx would better discriminate patients at risk 
for laryngeal disease from gastropharyngeal reflux 
did suggest a weak relationship between the number 
of episodes of gastropharyngeal reflux and findings 
of interarytenoid inflammation, but the substantial 
overlap in numbers of episodes in patients with nor- 
mal histologic findings versus those with abnormal 
histologic findings makes the pH probe measurement 
appear an insensitive clinical tool. Perhaps more sig- 
nificant than visual observation or pH probe find- 





ings are the histologic features of the laryngeal mu- 
cosa. Esophageal mucosal inflammation has been a 
hallmark of reflux esophagitis. Esophageal mucosal 


basilar hypertrophy, vascular penetration, and intra- 


epithelial eosinophilia have been related to inflamma- 
tion seen in reflux esophagitis.!® Histologic changes 
in the laryngeal mucosa have not been described in 
recent studies of reflux laryngitis. Our study found 
changes in the laryngeal mucosa similar to those found 
in reflux esophagitis in 14 of 34 posterior cricoid . 
specimens (41%) and in 10 of 31 interarytenoid speci- 
mens (32%). There was a weak correlation (R = .2) 
with a p value of «.075 between positive endoscopy 
for reflux laryngitis and posterior cricoid histologic 
findings. Changes in the mucosa at the lower esopha- 
gus statistically correlated with changes in the upper 
esophageal biopsy site (R = .46, p < .015). Changes 
in the upper esophageal mucosa consistent with re- 
flux esophagitis also statistically correlated with pos- 
terior cricoid (R = .47, p « .012) and interarytenoid 
(R = .46, p « .02) changes. Interestingly, changes in 
the lower esophageal mucosa did not correlate with 


- posterior cricoid (R = .31, p « .09) or interarytenoid 


(R 2 .23, p « .55) changes. This finding 1s supported 
by observations that laryngeal inflammation, revers- 
ible through empiric reflux therapy, may not be asso- 
ciated with classic symptoms of reflux esophagitis. 


Itis apparent that gastropharyngeal reflux occurred 
in this subset of patients with subglottic stenosis and 
no reflux symptoms. Clinical criteria suggesting gas- 
tropharyngeal reflux were met in 26% of patients by 
upper pH probe monitoring, in 4396 by consensus 
diagnostic laryngoscopy, and in 4196 by histologic 
findings. Outcomes after laryngotracheoplasty were 
not measured. The reversibility of these findings by 
antireflux treatment was also not measured. The find- 
ings of pH probe study, visualization, and histologic 
biopsy did not correlate. It continues to be uncertain 
which test is.best at detecting significant gastropha- 
ryngeal reflux. Mucosal biopsy may be the most spe- 
cific means of detecting inflammation, as it 1s of de- 
tecting reflux esophagitis. Since no correlation among 
pH probe data, laryngoscopic findings, and histologic 
findings can be found, trials designed to detect the 
reversibility of these findings by empiric treatment 
of gastropharyngeal reflux and prospective blinded 
outcomes studies in patients requiring laryngotrache- 
oplasty will be required to help resolve this manage- 
ment dilemma. 
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IDIOPATHIC PROGRESSIVE SUBGLOTTIC STENOSIS: FINDINGS AND 
TREATMENT IN 52 PATIENTS 
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Rarely, patients develop severe idiopathic subglottic stenosis. In 34 years, we have observed this disorder in 52 patients. All but 
1 of the patients were female — a finding that suggests a hormonal cause. Without treatment, the airway progressively narrows — in 
some cases, until the patient requires tracheotomy. Laser submucosal resection and rotation mucosal flaps open and stabilize the 
airway and provide effective palliation. However, unlike traumatic subglottic stenosis, which has been cured with this technique, the 
idiopathic form causes submucosal fibrosis that regenerates spontaneously. Thus, treatment helps, but does not cure, the patient. The 
characteristic pathological finding is of submucosal dense fibrotic tissue with evidence of chronic inflammation. The clinical find- 


ings and treatment are here discussed. 


KEY WORDS — idiopathic subglottic stenosis, mucosal flap, treatment. 


INTRODUCTION 


Idiopathic progressive subglottic stenosis (IPSS) 
is a rare, slowly progressive inflammatory process 
that is limited to the cricoid cartilage and the first 1 
or 2 tracheal rings. The patients are overwhelmingly 
female (only 2 male cases in nearly 150 found in our 
review of the literature). There is no recent history 
of intubation or obvious trauma to the subglottis. 


Several studies have attempted to determine the 
cause of IPSS. Little, Koufman, et al created subglot- 
tic stenosis in dogs by application of acid to the sub- 
glottis! and claimed an above-average incidence of 
gastric reflux in the IPSS population.? Follow-up 
studies have discussed an association with gastro- 
esophageal reflux disease (GERD)? but the rarity 
of IPSS in comparison to the claimed common occur- 
rence of GERD makes a direct association unlikely. 
Research into an association between IPSS and gran- 
ulomatous diseases has also been explored without 
conclusive results.ó Because of the high female pre- 
ponderance, a female hormonal cause has been pur- 
sued. Stenotic tissue from the subglottis has been 
tested forestrogen receptors without success.? In sum- 
mary, the cause of IPSS remains unknown. 


Many treatment strategies have been tried for IPSS. 
steroids, dilation, local resection, laryngotracheal 
segmental resection and primary anastomosis, resec- 
tion with stents and mucosal grafting, and micro-trap- 
door flaps have all been used. All have achieved only 
temporary orifice enlargement. The stenosis is pro- 
gressive, and many patients require tracheotomy. 


We here report on 52 patients with IPSS treated 


over 30 years by the senior author (H.H.D.). We dis- 
cuss their clinical features and results with surgical 
management. 


MATERIALS AND METHODS 


Data Collection. A retrospective chart review was 
performed of 52 patients with IPSS first seen between 
1970 and 2000. Data were collected with regard to 
age at presentation, gender, nature and duration of 
symptoms, previous local surgery or trauma, num- 
ber and type of operations, steroid treatment if re- 
ceived, GERD symptoms and treatment, and pres- 
ence of other potentially related illness. 


The preoperative measurements of the stenosis at 
first and last operations, the number of operations 
performed, and the time of follow-up are recorded 
in the Table. Careful measurements were made with 
a 2- or 4-mm outside diameter suction tip at the worst 
level of stenosis in the posterior-anterior and lateral 
dimensions (the smallest orifice). The vertical length, 
from the top edge to the bottom edge of the stenosis, 
was estimated. Tracheotomies that were present at 
presentation or required during treatment and surgi- 
cal histopathology reports were also recorded. Eight 
patients were tested for estrogen receptors in the sub- 
mucosal connective tissue. 


Operative Procedure. A CO2 laser was used to cre- 
ate mucosal flaps and excise the connective tissue 
between the cricoid cartilage and the mucosa. Seg- 
mental tracheal resection and primary anastomosis 
was performed in 3 patients with unsatisfactory re- 
sults. Jet ventilation was used for anesthesia with a 
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Fig l. Lateral and top views of stenotic area. Incision is 
made from 6 to 12 o'clock as viewed from top, thus not 
exceeding half of tracheal circumference. Area of sub- 
mucosal resection outlined with dotted line is seen on 
lateral view. 


Sanders- Venturi system via the ventilation-suction 
channel on the Dedo-Pilling "laser" laryngoscope 
(Pilling Co, Fort Washington, Pa). If a tracheotomy 
was present, a metal-wrapped endotracheal tube was 
placed through the tracheotomy orifice for ventila- 
tion. The operative microscope was used in all cases 
to visualize the subglottis. Use of an oral-tracheal tube 
through the larynx was avoided, because it obscures 
visualization of the stenosis and orifice, distorts the 
operative field, and, if inserted through the stenosis 
at the beginning of the procedure, damages the mu- 
cosa at the narrowest orifice. 


Before presentation at our facility, 9 patients had 
been treated with dilation, and 4 patients with wedge 
resections, without lasting improvement. The opera- 
tive techniques used at our institution included seg- 
mental partial cricoid and upper tracheal resection 
with laryngeal release and anastomosis (3 patients) 
and use of local mucosal rotation flaps after CO2 la- 
ser submucosal resection (50 patients). Laser submu- 
cosal resection with mucosal rotation flaps was the 
preferred procedure at our institution because it could 
be done endoscopically, could be repeated when nec- 
essary, and had a lower rate of morbidity than open 
surgical procedures. 


First, an incision is made with the CO2 laser (model 








Fig 2. Lateral and top views of stenotic area. Submuco- 
sal tissue has been resected while preserving overlying 
mucosa. Dotted line shows flap incision at 10 o'clock. 


5000C, Coherent Medical Co, Santa Clara, Calif) at 
the point on the superior surface of the stenosis at 
which it meets the normal-diameter subglottic air- 
way (1- to 2-mm spot size, 20 W, continuous wave). 
The incision does not exceed half of the tracheal cir- 
cumference (Fig 1). The fibrotic tissue is then ex- 
cised with the laser in the submucosal plane, with 
preservation of the overlying mucosa (Fig 2). When 
the submucosal resection is complete, the mucosa is 
cut with microscissors to create 2 (based at 6 and 12 
o'clock) or 3 mucosal flaps. These flaps are rotated 
into position to cover as much as possible of the raw 
surface on the adjacent lateral tracheal wall (Fig 3). 
They usually prevent complete immediate reforma- 
tion of the stenotic area, but overtime (2 to 12 months), 
the submucosal connective tissue regenerates. No su- 
tures are placed to hold the flap in position, as the 
raw undersurface adheres to the adjacent raw tracheal 
wall. 


The patients generally returned every 2 months to 
have the procedure repeated on the opposite side (Fig 
4). If the orifice remained over 8 x 8 mm for 2 months, 
the interval between operations was gradually length- 
ened to 4 to 12 months, depending on the rate of ori- 
fice reduction. Tracheotomy was performed if the 
diameter of the airway decreased to 3 x 4 mm, or if 
the patient felt significant dyspnea on exertion. 


One patient required tracheotomy in the postoper- 


Dedo & Catten, Idiopathic Progressive Subglottic Stenosis 307 








Fig 3. Top drawing is top view of preserved mucosa af- 
ter resection of submucosal tissue. Incision was made 
vertically in mucosa, creating 2 flaps that rotate to par- 
tially cover raw surface. Bottom drawing is lateral view 
of rotation flaps created by incision of preserved mu- 
cosa. Each flap rotates to partially cover raw surface and 
speed re-epithelialization. 


ative period because of flap swelling. There were no 
other complications of the procedure. 


RESULTS 


We have observed IPSS in 52 patients between 
1970 and 2000. Two patients were excluded because 
they did not return after the initial visit, leaving 50 
patients in the study. All of the cases, except for | 
questionable case, were in women. (The male pa- 
tient’s subglottic scar is improving so rapidly that 
we now think it was most likely due to an endotra- 
cheal tube injury incurred 10 years earlier. His pos- 
terior scar is now gone, and in all the female patients, 


Fig 4. Procedure similar to that in Figs 1-3, 
repeated on right side, with healed appearance 
2 months later. 





this is the worst area. Hence, this patient’s case is 
different.) Their ages at presentation to our office 
ranged from 15 to 77 years (average, 43.5 years). 
The durations of treatment and follow-up ranged from 
6 months to 25 years (average, 71 months), with the 
ages at last follow-up ranging from 21 to 84 years 
(average, 50 years). Two patients were related (moth- 
er and daughter). 


Forty patients presented with dyspnea on exertion 
as the presenting symptom, and 15 patients presented 
with noisy breathing. Asthma was the erroneous ini- 
tial diagnosis in 12 patients, resulting in as much as 
18 months’ delay in diagnosis. The duration of symp- 
toms before presentation varied between 2 months 
and 8 years. 


None of the patients had a history of cervical trau- 
ma or intubation for prolonged periods of time. Six 
patients were intubated for brief anesthesia between 
3 and 15 years before the onset of symptoms. One 
patient underwent tracheotomy 24 years before the 
onset of IPSS for an airway emergency of unclear 
cause at 15 years of age and was decannulated 3 
weeks after the event. 


Thirty-seven patients were questioned regarding 
gastroesophageal reflux. Six patients with symptoms 
were aggressively treated with antireflux medication 
(omeprazole and cimetidine) without any improve- 
ment in their subglottic stenosis course. Another 2 
patients had negative pH probe studies. Thirty-one 
patients had no clinical complaints of reflux. 


Indirect and direct laryngoscopy shows 4 types of 
subglottic stenosis. Type 1 has pink swelling on or 
just below the undersurface of the vocal cords (6 pa- 
tients). Type 2 has identical findings to type 1 with 
the addition of pink swelling on the inner surface of 
the posterior cricoid cartilage, below the posterior 
glottis (5 patients). Type 3 is a circular stenosis in 
the cricoid cartilage that sometimes involves the first 
tracheal ring (39 patients). This type is always shorter 
in length anteriorly (usually 1 cm) than posteriorly 
(2 to 3 cm) and thus on lateral view mimics the shape 
of the cricoid cartilage. Last, 5 patients presented with 
type 4 stenosis. This variant is a circumferential ste- 
nosis 2 to 3 cm long with 2 levels of narrow orifices: 





— 
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1 in the cricoid cartilage and the other in the first or 
second tracheal ring. 


All stenoses were noted to start just below the in- _ 


ferior edge of the vocal cords, ie, 1 to 1.5 cm below 
the free edges of the vocal cords. The maximum ste- 
nosis was in the cricoid cartilage. The vocal cord func- 
tion was usually unimpaired. 


Measurements were taken of the stenosis at the 
narrowest point before the first operation. The aver- 
age was 4 mm (range, 0 to 8 mm) in the anterior- 
posterior measurement and 5 mm (range, 0 to 11 mm) 
in the lateral plane, with an average cross-sectional 
area of 21 mm". At last follow-up, the average mea- 
surements were an average of 6 mm posterior-ante- 
rior (range, 0 to 10 mm) by 7 mm laterally (range, 0 
to 12 mm), with an average cross-sectional area of 
46 mm? (see Table). One patient had minimal steno- 
sis at first, but progressed to a 12-mm? narrowing 
despite 11 procedures. In 32 patients, the average es- 
timate of the length of the posterior (worst) portion 
of the stenosis in the superior-inferior plane was 2.3 
cm before the first operation and 1.6 cm before the 
last operation. 


Fifteen patients presented with a tracheotomy, and 
another 10 tracheotomy procedures were performed 
at our institution. Eight patients were successfully 


decannulated, and another 4 patients have tracheoto- - 


mies that are constantly capped but are left in place 
for ease of giving general anesthesia. Thirteen pa- 
tients still require open tracheotomy for comfortable 
breathing. One patient presented with a T-tube that 
was successfully removed after several operations 
with mucosal rotation flaps. 


DISCUSSION 


Most cases of subglottic stenosis occur 4 to 12 
weeks after prolonged intubation with an oversized 
endotracheal tube or an overinflated cuff that results 
in necrosis of the subglottic mucosa. Other causes 
include external trauma, granulomatous diseases in- 
cluding Wegener's granulomatosis, tuberculosis, and 
benign or malignant neoplasms. 


Idiopathic subglottic stenosis is a unique form of 
subglottic stenosis. The cause is truly unknown, de- 
spite significant efforts to find one. Gastroesophageal 
reflux disease has been explored as the source of 
IPSS.!? Several authors have reported significant re- 
duction or elimination of IPSS by treating GERD.^5 
Koufmar? claimed an increased incidence of silent 
GERD in patients with IPSS. Only 7 of our 38 pa- 
tients questioned about GERD actually had symp- 
toms. Although no attempt was made to test for “si- 
lent" reflux, all patients with symptoms were treated 


with H2 blockers or proton pump inhibitors without 
any improvement or slowing of the recurrence of 
IPSS. Positing GERD as a cause does not explain 
why almost all patients are female. If GERD were 
the underlying cause, one would expect many more 
male patients. Also, GERD is currently a fashionable 
condition that is diagnosed frequently, whereas IPSS 
is very rare. The vast difference in incidence between 
these two conditions makes a causal relationship du- 
bious at best. 


Some authors suggest that IPSS is simply an atypi- 
cal presentation of a granulomatous disease such as 
Wegener's granulomatosis.9? In a study of 189 pa- 
tients with Wegener's granulomatosis, subglottic ste- 
nosis was found in 43 (23%), with no other areas of 
granuloma or scar in 21 of those patients.!? De Vries 
et al!! demonstrated an elevated level of antineutro- 
phil cytoplasmic antibodies in 6 patients with pre- 
sumed idiopathic subglottic stenosis who did not have 
a diagnosis of granulomatous disease. One patient 
in our series had a high level of antineutrophil cyto- 
plasmic antibodies without other signs of Wegener's 
granulomatosis. The other 49 patients all had nor- 
mal levels of antineutrophil cytoplasmic antibodies. 
Given the long follow-up of our patients, we would 
expect to see other manifestations of Wegener's gran- 
ulomatosis, if this was indeed the underlying cause. 
No trend of systemic illness, including Wegener's 
granulomatosis, was identified as a major contribut- 
ing factor in our series. 


A history of intubation is not found in most pa- 
tients with IPSS. Only 6 of our 50 patients were ever 
intubated before becoming symptomatic. Each intu- 
bation was done for brief anesthesia 3 to 15 years 
before the onset of symptoms. With the above-men- 
tioned theories excluded by history and testing, we 
believe our 50 cases are truly idiopathic. 


Interestingly, this condition occurs almost exclu- 
sively in women (51 of 52 patients in our study). 
There are only 3 male patients with IPSS described 
in almost 150 cases in the literature. The reason why 
men are not affected as frequently remains unknown, 
but the preponderance of women suggests a female 
hormonal cause. The presence of sex hormone recep- 
tors has been demonstrated in the larynx and other 
head and neck sites.1?15 Benjamin et al,5 however, 
failed to demonstrate estrogen receptors in 10 sam- 
ples taken from the stenotic area of patients with 
IPSS. Using immunohistochemical analysis, we did 
not find estrogen receptors in the 8 patients we tested. : 
As Benjamin et al indicated, this may reflect a low 
receptor density or a lack of technique sensitivity. 
Also in support of a female hormonal cause, we ob- 
served that the recurrence of stenosis slowed in wom- 
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DATA ON PATIENTS WITH IDIOPATHIC PROGRESSIVE SUBGLOTTIC STENOSIS 


Age at Initial Measurement Last Measurement 
Presentation Follow-up No. of Orifice Vertical Orifice Vertical 
Patient (y) (mo) Operations Area (mm?) | Length(cm) ^ Area(mm?) Length (cm) 

1* 56 . 11 3 42 3" 90 1 
A 48 T1 13 64 1.5 81 1.5 
3 TI 84 7 24 1 24 1 
4 56 46 19 4 2 49 2 
5 30 > 15 6 64 1 30 1.5 
.6 52 50 17 20 2 36 2 
7 I. 111 17 12.25 2 12 1 
8 43 21 9 48 4 42 3 
9 46 168 4 30 2 Normal ] 
10 ST Os 74 13 12 l 81 0.5 
11 49 ^ 60 4 20 1.5 110 : 1 
12 72 6 2 44 NA 66 I 
13 58 - 6 3 12 3 28 P 
14 27 60 23 16 2 81 1 
15 63 34 12 9 3 Normal l 
16 70 26 3 29 2 100 2 
17 20 13 1 16 2 NA ] 
18 58 . 192 9 . . 16 2 60 i 
19 45 — 6 3 40 2 64 1 
20 26 101 18 56 2 16 2 
51. 42 192 25 |. 16 2 30 1 
22 232. 36 4 16 2 20 2 
23 32 120 22 21 NA 16 2 
24 48 20 l 2 16 NA 12 2 
25 45 PA 9 16 l 17.5 l 
26 32 156 5 15 NA 20 2 
27 75 11 4 24 2 48 i 
28 25 '" 240 2 8 l 8 1 
29 50 22 i 7 5 NA 9 l 
30 48 11 4 48 NA 42 1 
31 24 78 3 30 1.5 60 i 
32 55 6 2 20 2 Normal ] 
33 33 — 63 3 16 NA 36 1 
34 49 — 108 10 24 1 72 1.5 
35 55 |. 9 6 16 1 48 2 
36 24 =: 41 8 12 NA 16 2 
37 28 39 3 16 3 72 2 
38 49 48 5 16 | 3 0 3.5 
39 37 84 5 9 NA 30 2 
40 24 247 16 18 3 12 1 
A] 48 33 8 12 2 72 1 
42 © 40 161 11 NA NA 12 (4 
43 41 16 2 36 1.5 72 1 
44 55. 7 150 6 16 l 30 1 
45 54 19 6 16 3 24 2 
46 58 18 7 20 2 36 3 
47 ' 37 12 6 6 2 : 24 1 
48 30 86 22 2 NA 15 1.5 
49 45 : * 66 10 24 2 100 2 
50 439 — 16 3 i . 2 90 2 


*Only male patient in series. NA — not available. 
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en as they became older, and especially when they 
became menopausal. The lack of reported IPSS in 
the literature before the widespread usage of oral con- 
traceptives made us wonder whether there was a cor- 
relation. Despite our search for a possible causal re- 
lationship, we could not demonstrate one. The fact 
that use of oral contraceptives is now commonplace 
and that IPSS remains rare argues against a direct 
cause and effect. Although objective data are lack- 
ing, we recommended that our patients avoid oral 
contraceptives and hormonal supplementation, but 
we have not seen that this slows the recurrence of 
stenosis. 

The other key feature of IPSS, besides its being 
idiopathic, 1s the progressive nature of the stenosis. 
Histologic evaluation of biopsy specimens shows 
dense submucosal fibrotic tissue. Initially, this may 
represent an exaggerated extracellular response to a 
chemical stimulus, and later, it may be partially the 
result of previous surgery. More detailed histologic 
analysis found thick fibrotic tissue, poorly cellular, 
with no evidence of vasculitis or foreign body reac- 
tion.? Unlike traumatic subglottic stenosis, which 
usually can be resected and cured, IPSS continues to 
produce subglottic stenosis, because the presumed 
chemical stimulus for the fibrotic response is still 
present. It has been our experience that IPSS is a 
chronic, lifetime disease, and that multiple surgical 
treatments are needed for palliation. 


Currently, there is no cure for IPSS. The treatment 
is to maintain an adequate airway without tracheot- 
omy. Medical treatments have included antireflux 
medications, steroids, and discontinuation of oral con- 
traceptives. In our experience, these treatments have 
little or no impact. Steroids were used in an attempt 


Fig 6. Top view of subglottic stenosis treated 
with dilation and/or wedge incisions. Mucosa 
is torn, leaving adjacent areas of exposed con- 
nective tissue that scar and contract. In addi- 
tion, submucosal fibrosis is stimulated and not 
excised. Result is worse stenosis. 


Fig 5. Top view of subglottic stenosis treated 
with anterior and posterior grafts. This proce- 
18x; dure addresses submucosal connective tissue 
proliferation problem by enlarging outer carti- 
lage framework without removing submucosal 


qn scar. In our experience, this procedure has led 


to worse restenosis in patients with idiopathic 

progressive subglottic stenosis, because prob- 

Li. lem of submucosal scar proliferation is not ad- 
dressed, and grafts stimulate granulation tis- 
sue formation. 


to reduce the subglottic stenosis. Although they ap- 
peared to slow the recurrence in some of our patients 
(unpublished observation), they did not prevent re- 
currence or make the stenosis disappear once it had 
developed. Because of the serious long-term side ef- 
fects of chronic steroid use, and the lack of a cura- 
tive effect, we no longer use them. 


Numerous surgical procedures have been proposed 
for the treatment of IPSS. Mucosal rotation flaps, 
dilation, segmental resection, stenting, and skin graft- 
ing have all been attempted. Grillo et al? first reported 
good to excellent results in 32 of 35 patients with 
IPSS treated with single-stage reconstruction. De- 
spite their reported long-term success with single- 
stage resection and that of others, our experience in 
7 cases has been that the stenosis returns even after 
aggressive segmental resection of the cricoid carti- 
lage up to the inferior edge of the thyroid cartilage 
and down to the second tracheal ring. Conceptually, 
segmental resection addresses a submucosal connec- 
tive tissue problem by removing the abnormal air- 
way segment. However, cutting the anterior and pos- 
terior cricoid cartilage and installing a bone or carti- 
lage graft enlarges the framework, but does not re- 
move the excess submucosal scar tissue that is the 
site of the disorder. Cartilage grafts also stimulate 
granulation tissue formation and lead to restenosis 
(Fig 5). Other authors have observed this phenome- 
non.!^ We have attempted resection in 3 patients and 
were also referred 4 patients who had return of steno- 
sis after aggressive resection at other institutions. 
Only | of our patients, of those treated with resec- 
tion, experienced long-term patency of the subglottis 
without revision surgery using mucosal flaps. One 
patient went on to total stenosis 18 months after the 








Dedo & Catten, Idiopathic Progressive Subglottic Stenosis 311 


resection. We attribute the failure to cure IPSS with 
segmental resection to our inability to resect the 
whole cricoid cartilage, and thus the top of the ab- 
normal connective tissue, and still preserve functional 


and mobile cricoarytenoid joints. In addition, seg- 


mental resection is a major operation with signifi- 
cant morbidity and requires skilled teams of auxili- 
ary hospital personnel and intensive care unit staff 
that may not be available:at every institution. 


We have found that dilation and wedge resection 
with dilation of the orifice rim performed before the 
patients were referred to us has resulted in worse ste- 
nosis. Dilation tears the mucosa and does not reduce 
the abnormal submucosal tissue (Fig 6). Other au- 
thors have reported mixed results with these and other 
procedures,>-}5 


All current surgical treatments for IPSS are essen- 
tially palliative, with complete success (defined as 
no recurrent stenosis and no tracheotomy) being less 
than 50% in reported series. Of our 50 patients, 13 
still require a tracheotomy, and 16 have required more 
than 10 revision surgeries. This outcome translates 
into 21 patients (42%) who were apparently disease- 


free over the long term. With this consideration, we 
believe that laser submucosal resection with mucosal 
rotation flaps provides the best surgical treatment. 
First, the procedure is performed endoscopically, in 
contrast to open techniques, which increasingly scar 
the anterior commissure with each procedure. In ad- 
dition, it can be done in an outpatient center, in con- 
trast to the intensive care unit-level care required for 
open techniques. The morbidity and cost are also sig- 
nificantly lower with mucosal rotation flaps than with 
laryngeal tracheal reconstruction. Last, because all 
IPSS patients will likely need revision, the least in- 
vasive, least morbid procedure should be performed. 


CONCLUSION 


A rare condition, IPSS is not always recognized 
early. It is progressive in nature, and treatment is still 


. only palliative. The cause is unknown. Further study 


is needed to identify the cause and devise a cure. In 
our experience, repeated endoscopic laser submuco- 
sal resection and rotation mucosal flaps provide the 
least invasive means of maintaining an airway with- 
out a tracheotomy. 
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LASER CORDOTOMY VERSUS RADIOTHERAPY: AN OBJECTIVE 
| COST ANALYSIS 


JAMES H. BRANDENBURG, MD 
MADISON, WISCONSIN 


This study presents a cost analysis of and comparison between laser cordotomy and external beam irradiation for the treatment 
of early glottic carcinoma. It compares the curative results of the two modalities from data of a retrospective study at my institution 
and a literature review of published cure rates. It also reviews the results of objective voice assessments in cases representing both 
treatments. The findings of this study indicate that the cure rates are equivalent and that voice quality obtained after laser cordotomy 
is comparable to that obtained after irradiation, yet the total cost of external beam radiotherapy is significantly higher than that of 
laser surgery. Hence, the findings of this study provide strong support for initially treating early glottic tumors with laser surgery. 


KEY WORDS — cost-benefit analysis, laser surgery, long-term larynx preservation, T1 glottic carcinoma. 


INTRODUCTION 


Health care costs have risen dramatically in re- 
cent years, prompting increasing focus on the deliv- 
ery of medical care in the United States. As mea- 
sured by the consumer price index, medical costs 
have increased at more than twice the average price 
rise for all goods in general during the past decade.! 
As a result, cost minimization strategies are already 
becoming necessary to ensure that medical care is 
accessible to all and at an affordable price. These 
strategies include choosing the least costly of com- 
peting treatments when both the success rate and the 
quality of life are essentially the same. Such is the 
case with external beam radiotherapy and endoscopic 
laser surgery as competing treatments for early glot- 
tic cancers. The high cost of radiotherapy is now 
being challenged, especially when compared to the 
much lower cost of endoscopic laser cordotomy. 


At many institutions, radiotherapy has been con- 
sidered the preferred treatment option because of the 
assumption that it can result in a superior voice com- 
pared to the surgical options. However, when objec- 
tive voice analyses are made on patients with early 
glottic tumors treated with irradiation, the majority 
exhibit a significant degree of dysphonia, and very 
few have “normal voices.” 


The concept of endoscopic removal of early glot- 
tic carcinoma is not new. Lynch? in 1920, described 
his technique of suspension laryngoscopy and re- 
ported operating on 9 tumors endoscopically with 6 
cures. Lillie and DeSanto,? in 1973, published a se- 
ries of 96 patients with early glottic carcinomas that 


were removed with endoscopic cordectomy. One pa- 
tient required total laryngectomy because of recur- 
rence, and 5 other recurrences were treated success- 
fully with another endoscopic resection. No patients 
died of their early glottic cancer, and none underwent 
radiotherapy. In 1972, a series of reports on CO2 la- 
ser excision of cordal carcinoma began to be pub- 
lished by a group from Boston University, who 
stressed the anatomic limitations of this technique 
and established guidelines for the careful selection 
of cases for laser surgery.4^? 


This study presents a comparison between endo- 
scopic laser surgery and radiotherapy in terms of re- 
currence rates, long-term larynx preservation, and 
ultimate survival rates for cases of early glottic can- 
cer evaluated and treated initially at the University 
of Wisconsin Hospital and Clinics. It reviews the re- 
sults of our previous investigative studies of objec- 
tive voice analyses of 11 laser cordotomy patients 
and 20 radiotherapy patients. Last, it compares the 
average total direct costs of therapy for each modal- 
ity, and notes to what extent these costs have risen 
over the past decade. 


METHODS AND MATERIALS 


Patients. A retrospective review of 74 patients who 
underwent their initial evaluation and treatment for 


early glottic cancer (T1NO) at the University of Wis- 


consin Hospital and Clinics from 1989 to 1999 was 
undertaken to determine the outcome of patients 
treated with either radiotherapy or endoscopic laser 
surgery. The data for this study were gathered by re- 
viewing patients' hospital charts, the Head and Neck 
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Oncology Tumor Board records, and charges ob- 
tained from the billing offices of University of Wis- 
consin Hospital and Clinics and the University of 
Wisconsin Medical Foundation. Patients with a diag- 
nosis of carcinoma in situ were not included. Patients 
with any prior primary treatment of their glottic can- 
cer elsewhere were not included. All patients were 
followed in either the otolaryngology outpatient clin- 
ic orthe radiotherapy outpatient clinic for 1 to 11 years 
(median, 5.3 years). | 


Forty-four patients were treated with radiotherapy 
at University Hospital and Clinics (41 patients) and 
its affiliated regional hospitals (3 patients). There 
were 38 men and 6 women. The median age was 
63.2 years (range, 33 to 88 years). The therapy con- 
sisted of hyperfractionation (2 treatments per day) 
with cobalt small field external beam radiation by 
means of a beam directed shell. The average total 
dose delivered varied from 65 to 70 Gy. Forty-two 
patients had T1a cancers, and 2 patients had T1b can- 
cers. 


Thirty patients underwent endoscopic laser sur- 
gery at University of Wisconsin Hospital and Clin- 
ics Outpatient Surgery; 22 of these operations were 
performed by the author. There were 27 men and 3 
women. The median age was 64.5 years (range, 41 
to 87 years). Twenty-eight patients had T1a cancers; 
6 had the anterior commissure involved, 1 had the 
posterior vocal cord and vocalis process involved, 
and 2 patients had T1b cancers. 


Surgical Procedure. Direct microlaryngoscopy 1s 
performed as an outpatient procedure under general 
endotracheal anesthesia, and a frozen section of the 
biopsy specimen is obtained. After the pathologist 
has confirmed the diagnosis of glottic carcinoma, we 
then proceed with an en bloc resection of the tumor 
using a CO2 laser with a microspot cutting beam. 
Additional anterior and posterior frozen sections are 
usually taken to ensure tumor-free margins of the re- 
section. The patient is discharged on the day of sur- 
gery. 

Voice Analysis. A review of 2 objective voice as- 
sessment studies of 20 patients who underwent irra- 
diation of the glottis and 11 patients who were treated 
with laser cordotomy, the details of which have been 
reported,9? is analyzed for this study. The objective 
voice assessments consisted of measures of aerody- 
namics and duration, laryngovideostroboscopy, and 
acoustic analysis. The fundamental frequency (F0) 
mean and range, maximum duration, airflow, and vol- 
ume were measured for sustained. vowels /i/ and /a/. 
Acoustic analyses of jitter (frequency perturbation), 
signal-to-noise ratio, and FO were performed with C- 
Speech 3.0 (Paul Milankovic, University of Wiscon- 


sin, Madison, Wis, 1989) from direct recordings of 
the digitized and inverse filtered waveform. 


Cost-Benefit Analysis. The current charges for each 
modality were determined by taking the average of 
all charges for 3 patients who underwent endoscopic 
laser surgery and comparing these with the average 
of all charges for 3 patients who underwent radio- 
therapy. The hospital charges for each of the patients 
were obtained from the billing office of the Univer- 
sity of Wisconsin Hospital and Clinics. The profes- 
sional charges were obtained from the billing office 
of the University of Wisconsin Medical Foundation. 


Diagnostic Evaluation. Since the pretreatment 
evaluation is identical for both radiotherapy and en- 
doscopic laser surgery, none of the costs incurred in 
establishing a diagnosis of glottic cancer were fig- 
ured into the cost for either modality. 


Endoscopic Laser Surgery. These charges include 
additional hospital and professional charges for pro- 
ceeding to definitive surgery after the diagnosis had 
been confirmed by direct microlaryngoscopy and bi- 
opsy. The hospital costs include charges for the use 
of laser equipment, 30 to 60 minutes of additional 
operating room time, and further laboratory expenses. 
The professional costs include additional charges for 
the laryngologist, anesthesiologist, and pathologist. 


Radiotherapy. The University of Wisconsin Hos- 
pital includes charges for computed tomography sim- 
ulation, treatment simulation, treatment aid block, 
dosimetry calculation, weekly port x-ray films, week- 
ly in vivo dosimetry, weekly physics quality assur- 
ance, and daily complex treatment delivery. The pro- 
fessional costs include charges for consultation, com- 
plex teletherapy, treatment device design and con- 
struction, complex therapeutic simulation, treatment 
planning, and weekly megavoltage treatments by the 
radiation oncologist. 


No attempt was made to assess either direct non- 
medical costs, such as transportation and lodging of 
the patient undergoing radiotherapy, or indirect costs, 
which might include a loss of wages or a decrease in 
earnings during treatment. Although these costs do 
have an economic impact, it was impossible to accu- 
rately determine these additional expenses retrospec- 
tively. Consequently, those factors were considered 
to be beyond the scope of this study. 


RESULTS 


Voice Quality. All patients in both the radiotherapy 
group and the endoscopic laser surgery group expe- 
rienced some degree of dysphonia after treatment, 
which varied from a near-normal voice to signifi- 
cant breathiness and hoarseness, depending on the 
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TABLE 1. PUBLISHED OUTCOMES FOR T1 GLOTTIC TUMORS TREATED WITH RADIOTHERAPY 


Tumor Recurrence 


Authors N No. Jo 
Foote et al!0 57 3 5.3% 
Morris et al!! 38 10 26.3% 
Kaiser et al!? 102 35 34.3% 
Jose et all> 81 10 12.3% 
Woodhouse et al!4 183 37 . 20.296 
Mittal et al!5 147 30 | 20.496 
Van Den Bogaert et allé 138 22 15.9% 
Minja et al!? .174 28 | 16.196 
Fletcher!? 332 37 11.196 
Harwood!? 571 78 13.7% 
Present study 44 9 20.5% 
Total 1,867 299 16.0% 


site and extent of the tumor. In previously published 
studies from the University of Wisconsin Hospital 
and Clinics, we compared voice quality, in a compre- 
hensive voice assessment protocol, in 20 radiotherapy 
patients and 11 laser cordotomy patients.5? We ob- 
served the following. The airflow rate of the laser 
patients was elevated compared to that of the irradi- 
ated patients. Both groups demonstrated a reduced 
phonation time. The frequency range was reduced 
in both groups, especially in the higher frequencies, 
and the intensity range was decreased in both groups. 
The values for jitter, shimmer, and signal-to-noise 
ratio were elevated in both laser and radiotherapy 
patients. Breathiness is the predominant vocal fea- 
ture after laser tumor resection, whereas harshness 
and raspiness (glottic fry) are the predominant vocal 
features of irradiated patients. Laryngovideostrobos- 
copy showed a loss of vibration and stiffness at the 
site of laser resection, with a normal mucosal wave. 
observed on the opposite vocal cord. In the irradi- 
ated group of patients, the loss of vibration and stiff- 
ness were seen to involve both vocal cords, prob- 
ably because of submucosal fibrosis occurring as a 
consequence of radiation damage to the underlying 
stroma. 


Total Laryngectomy 
for Surgical Salvage Ultimate Survival (96) 
2 ) 100 
6 97 
25 88 
.9 .97 
29 97 
23 . 95 
19 90 
21 97 
36 98 
72 .95 
6 | 95.5 
248 (13.3%) 95.3 


Cure Rates. There were 9 recurrences in the group 
of 44 patients who initially underwent radiotherapy, 
as shown in Table 1.10? One patient was success- 
fully re-treated with a partial laryngectomy, and 6 pa- 
tients were salvaged with a total laryngectomy. The 
long-term larynx preservation rate in this series was 
86%. Two patients (5%) ultimately died of their glot- 
tic cancer. 


There were 5 recurrences in the group of 30 pa- 
tients who underwent endoscopic laser surgery, as 
shown in Table 2.7.2026 Two patients with small re- 
currences underwent retreatment procedures with la- 
ser that resulted in clear surgical margins. In 1 of 
these cases, on the advice and encouragement of the 
radiation oncologist, the patient underwent postop- 
erative irradiation. Two patients with small recur- 
rences were successfully salvaged with radiotherapy. 
One patient underwent a partial laryngectomy that 
failed, and a total laryngectomy was subsequently 
performed. Overall, 29 of the 30 patients (97%) in 
this series enjoyed larynx preservation. There were 
no deaths due to glottic tumors. 


Cost-Benefit Analysis. In this study, I elected to 
compare only the actual costs of the two modalities, 


TABLE 2. PUBLISHED OUTCOMES FOR T1 GLOTTIC TUMORS TREATED WITH ENDOSCOPIC LASER SURGERY 


Surgical Salvage Ultimate 

Recurrence Laser RT Partial Total Survival 
Authors N No. %o Salvage Salvage | Laryngectomy Laryngectomy (96) 
Wetmore et al29 21 4 19.0 1 3e 0 0 100 
Koufman2! 23 1 43 1 0 0 0 100 
Blakeslee et al? 35 4 11.4 0 2 0 2 94.3 
Elner and Fex?? 31 6 19.3 3 3 0 0 100 
Steiner?? 130 10 qd 6 1 2 1 100 
Myers et al24 46 4 8.7 0 3 1 0 100 
Thomas et al?5 29 7 24.1 3 0, .3 0 100 
Wolfensberger and Dort?6 41 8 19.5 1 7 0 2 100 
Present study 30 5 16.7 2 2 0 1 100 

Total 386 50 12.9 17(4.4%) 21 (5.490) 6 (1.5%) 6,(1.590) 00.5 . 
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TABLE 3. ITEMIZED AVERAGE COSTS FOR 
ENDOSCOPIC LASER SURGERY (AFTER DIAGNOSIS 
HAS BEEN CONFIRMED BY BIOPSY) 


Hospital charges 
Additional operating room ($8.55/min) $ 513(1h) 
Use of laser $ 414 
Clinical laboratory ($57 per frozen section) $ 114 
Average total hospital charges $1,041 
Professional charges 
Laryngologist ($1,598 — $1,423) $ 175 
Anesthesiologist $ 255 
Pathologist $ 422 
Average total professional charges $ 852 
Average grand total for laser surgery $1,893 


since the cost of confirming a diagnosis of cancer by 
biopsy is identical for each. Consequently, I did not 
include any charges for performing the direct laryn- 
goscopy and biopsy. The charges for the laser resec- 
tion of the tumor are then, in effect, all of the charges 
for the continuation of the surgery after the direct lar- 
yngoscopy and biopsy has established the diagnosis 
of cancer. 


The itemized costs for proceeding to endoscopic 
laser microresection of the tumor are presented in 
Table 3. To arrive at the surgeon's charges, the cost 
forthe direct microlaryngoscopy and biopsy (current 


procedural terminology [CPT] code 31536; $1,423). 


is deducted from the cost of the direct microlaryn- 
goscopy and cordotomy (CPT code 31541; $1,598). 
The average total hospital charges, $1,041 (range, 
$985 to $1,297), and the average total professional 
charges, $852 (range, $787 to $917), come to a grand 
total of $1,893. 


The itemized costs for radiotherapy as the primary 
treatment for early glottic cancer are presented in Ta- 
ble 4. The average total professional charges, $9,544 
(range, $9,440 to $9,696), and the average total hos- 
pital charges, $19,809 (range, $19,653 to $19,965), 


TABLE 4. ITEMIZED AVERAGE COSTS FOR 


RADIOTHERAPY 
Hospital charges 
Computed tomography simulation, complex $ 1,091 
Treatment simulation, complex $ 1,068 
Treatment aid block, complex $ 168 
Computed tomography dosage, complex $ 962 
Port film (x6) $ 58 
In vivo dosimetry $ 284 
Physics quality assurance (x7) $ 171 
Treatment delivery complex (per day) $ 389 
Average total hospital charges $19,809 
Professional charges 
Level 4 consultation | $ 265 
Therapeutic simulation $ 379 
Therapeutic treatment planning $ 783 
Treatment device design and construction, 
complex $ 242 
Teletherapy complex $ 313 
Weekly megavoltage treatment management, 
complex $ 820 
Average total professional charges $ 9,544 
Average grand total for radiotherapy $29,353 


come to a grand total of $29,353. At our institution, 
radiotherapy is 15.5 times more costly than endo- 
scopic laser surgery. 


Cost Containment. The most revealing aspect of 
this study is that the cost of radiotherapy has risen 
dramatically during the past decade, as seen in Table 
5.? In 1990, we conducted a similar cost study be- 
tween radiotherapy and laser cordotomy for the treat- 
ment of early cordal carcinoma.? Table 5 reflects a 
comparison of the increases in cost for the treatment 
options over this 10-year period. The professional 
charges for radiotherapy have risen from $3,029 to 
$9,544, an increase of 21596. The hospital charges 
for radiotherapy have also risen dramatically, from 
$7,634 to $19,809, an increase of 159%. Overall, the 
total radiotherapy charges from 1990 to 1999 have 


TABLE 5. AVERAGE TOTAL COSTS FOR TREATMENT IN 1990 AND 1999 


Laryngologist Charges (Ali) Professional Charges Hospital Charges Total Charges 

Radiotherapy 

1990? $3,029 $ 7,634 $10,663 

1999 $9,544 | $19,809 $29,353 

Difference $6,515 $12,175 $18,690 

% Increase 215% 159% 175% 
Endoscopic laser surgery* 

1990? $1,423 $2,322 $3,6231 $5,945 

1999 $1,589 $2,936 $3,2928 $6,774 

Difference $ 175 $ 614 (-$331) $1,172 

% Increase 12.3% 26.4% (~9%) 19.7% 


*Includes biopsy and definitive treatment. 
Surgery performed in inpatient surgical suites. 
§Surgery performed in ambulatory (outpatient) surgical suites. 
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increased 175%. In figuring the increase in cost for 
endoscopic laser surgery from 1990 to 1999, I in- 
cluded the cost of the biopsy together with the de- 
finitive treatment, since our calculations in 1990 were 
done in this manner. The charge by the laryngologist 
for this surgery (CPT code 31541) has only increased 
by $175 (12.3%) over the decade. A comparison of 
hospital charges for 1990 and those for 1999 is im- 
possible, since there was no outpatient surgical fa- 
cility at our institution in 1990, and all surgery was 
performed in the inpatient surgical suites, where costs 
are considerably higher than in the outpatient oper- 
ating rooms. Operating room charges were subse- 
quently reduced significantly when our ambulatory 
(outpatient) surgical facility was built in 1992. The 
total of all professional charges (laryngologist, an- 
esthesiologist, and pathologist) increased 26.4% dur- 
ing this decade. 


DISCUSSION 


Voice Quality. The rationale given for selecting ra- 
diotherapy rather than surgery for the treatment of 
early glottic cancers is that this modality can restore 
the voice. This assumption is based on subjective 
voice assessments made by either the patient or a 
health care provider. Kaiser et al!” evaluated the voice 
quality of 102 patients who had undergone radiother- 
apy and observed that 59% had good voices, 5% had 
fair voices, and 36% had poor voices. This report 
was in contrast to a study by a group of radiation 
oncologists at Mayo Clinic! who reported on their 
voice assessment of 57 patients treated with radio- 
therapy. A physician subjectively determined the 
voice quality to be excellent in 9%, good in 70%, 
fair in 18%, and poor in 4%. The problems with sub- 
jective voice studies are that they may be insensitive 
to small voice changes and that they may be subject 
to biases on the part of those who do the judging. 


In our study on objective assessment of voice pro- 
duction of 20 patients who had undergone radiother- 
apy for early glottic cancer,’ there was a wide varia- 
tion in the patients' perception of their own voices. 
When asked about hoarseness, fatigue, dryness, loud- 
ness, and pitch, only 2 of the 20 patients reported 
having no problems. There was also a poor correla- 
tion between the self-assessments and the degree of 
dysphonia as determined by objective measures. 


Delsupehe et al?” conducted a perceptual voice 
comparison study between 12 patients treated with 
radiotherapy and 30 patients treated with narrow-mar- 


- gin laser cordotomy for early glottic tumors. In their 


evaluation of all parameters of voice production, they 
found no statistical difference between the two groups 
24 months after treatment. 


McGuirt et al#® reported similar results when 
speech pathologists rated both laser cordotomy pa- 
tients and irradiated patients and found their voices 
to be indistinguishable and abnormal. They con- 
cluded that when strict criteria are met, the voice at- 
tained after endoscopic laser surgery, by objective 
and subjective measurements, is equal to the voice 
attained after irradiation, in patients with comparable 
tumors. 


My experience has led me to think that the size 
and site of the cancer may well have greater impact 
on the voice quality that exists after treatment than 
does the mode of therapy selected. For example, pa- 
tients with anterior commissure tumors will experi- 
ence poor functional voices after treatment, regard- 
less of the modality used. 


Cure Rates. Table 1 shows that in 1,867 patients 
with cordal cancers initially treated with irradiation, 
the recurrence rate was 16.0% (range among series, 
5.3% to 34.3%). Table 2 shows that in 386 patients 
with similar early glottic tumors initially treated with 
endoscopic laser surgery, the recurrence rate was 
12.9% (range among series, 4.3% to 24.1%). 


In our group of 44 patients initially treated with 
irradiation, 20.5% (9 of 44) developed recurrent can- 
cer (Table 1), and in our group of 30 patients ini- 
tially treated with laser cordotomy, 16.7% (5 of 30) 
developed recurrences (Table 2). 


A review of the published series shown in Table 1 
reveals that when radiotherapy fails, 75% of the sur- 
gical salvages require total laryngectomy; 13.3% of 
the 1,867 patients with early cordal tumors initially 
treated with radiotherapy eventually lost their laryn- 
ges to persistent cancer. In contrast, only 1.5% of 
patients with early cordal tumors initially treated with 
endoscopic laser surgery eventually had total laryn- 
gectomy (Table 2). 


In our group of 44 patients treated primarily with 
irradiation, 13.6% (6 of 44) ultimately underwent to- 
tal laryngectomy for surgical salvage, whereas in our 
group of 30 patients initially treated with laser sur- 
gery for early glottic cancer, 1 patient (3.3%) was 
salvaged with total laryngectomy. 


The average ultimate survival rate in the radiother- 
apy series was 95.3% (Table 1), and that in the laser 
cordotomy series was 99.5% (Table 2). 


Cost-Benefit Analysis. The management of health 
care by managing health care dollars is becoming 
increasingly popular in the United States, especially 
when the results of treatment options are equal. Hoff- 
man and Karnell,?? using data collected by the Na- 
tional Cancer Data Base from 1986-87 and 1992, esti- 
mated that there are approximately 12,500 new cases 
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of laryngeal cancer in the United States per year. In 
that study, 61.2% of the staged laryngeal cancers were 
of glottic origin. Further extrapolation of the data in 
that report shows that stage I glottic carcinoma rep- 
resents 34.8% of all staged laryngeal carcinomas reg- 
istered with the Data Base. From the data for pa- 
tients with known clinical staging, we can then esti- 
mate that there are 4,350 new cases of early glottic 
cancers presenting annually. Seventy-six percent of 
the patients with stage I laryngeal carcinoma under- 
went radiotherapy. About one third of these cases 
were recorded as having multimodality therapy (ir- 
radiation and surgery), but this was thought to be an 
artifact of data collection, and the “surgery” most 
likely represented a laryngeal biopsy followed by sin- 
gle-modality treatment in the form of irradiation. 


If one accepts the premise that 76% of patients 
with early glottic cancer do undergo irradiation as 
initial single-modality treatment, then approximately 
3,300 patients were treated primarily with irradia- 
tion in 1999, Using as an average the radiotherapy 
costs at our institution ($29,353 per patient), I cal- 
culate the approximate total cost of radiotherapy 





throughout the nation for the treatment of early glot- 
tic cancers as $96,864,900. As an alternative, if these 
3,300 patients were treated with endoscopic laser sur- 
gery, using the charges per patient at our institution 
($1,893) as the average throughout the nation, I cal- 
culate the total cost for laser surgery as $6,246,900 
(3,300 times $1,893), representing a cost savings in 
health care dollars of $90,618,000 ($96,864,000 mi- 
nus $6,246,000). Clearly, not every patient with an 
early cordal tumor is a candidate for endoscopic la- 
ser surgery. Yet, if even half of these 3,300 patients 
were to be treated with endoscopic laser surgery 
rather than with irradiation, the cost savings in health 
care dollars, $45,309,000, is still significant. 


When the results of this study in terms of voice 
quality, cancer recurrence, long-term larynx preser- 
vation, ultimate survival rate, and, finally, cost are 
compared between the two treatment modalities (ra- 
diotherapy and endoscopic laser surgery), endoscopic 
laser surgery appears to be the single-modality treat- 
ment of choice for early-stage glottic carcinoma, and 
the concept of restricting its use to highly selected 
cases is no longer valid. 
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STELLATE CELLS IN THE HUMAN VOCAL FOLD 


KIMINORI SATO, MD, PHD 


MINORU HIRANO, MD TADASHI NAKASHIMA, MD 


KURUME, JAPAN 


Cells have been discovered that are star-like in appearance and that actively synthesize extracellular matrices in the human adult 
vocal fold mucosa. These cells have no nomenclature and are thus designated as vocal fold stellate cells (VFSC) in this study. Light 
and electron microscopic investigation of VFSC in the human vocal fold mucosa was carried out on excised human adult larynges. A 
comparison between VFSC and conventional fibroblasts was made. The results are summarized as follows. 1) The VFSC are distrib- 
uted in human adult maculae flavae. 2) The VFSC are irregular and stellate in shape, possessing slender cytoplasmic processes, 3) 
Lipid droplets are present in the cytoplasm. 4) The VFSC have a small nucleus-cytoplasm ratio and well-developed rough endoplas- 
mic reticulum, suggesting active protein synthesis in these cells. 5) No basal lamina is present, and filaments can be seen in the 
cytoplasm. 6) The VFSC show strong cytoplasm staining with periodic acid—Schiff stain and type III collagen. 7) The VFSC actively 
synthesize collagenous fibers, including reticular fibers, as well as other extracellular matrices, such as elastic fibers and glycosami- 
noglycan (hyaluronic acid). 8) The VFSC, first demonstrated in this study, actively synthesize extracellular matrices in the human 
adult vocal fold mucosa under normal conditions. 9) The VFSC participate in the metabolism of the extracellular matrices essential 


for the viscoelastic properties of the lamina propria of the human adult vocal fold mucosa as a vibrating tissue. 


KEY WORDS — extracellular matrix, larynx, stellate cell, ultrastructure, vocal fold. 


INTRODUCTION 


The viscoelastic properties of the lamina propria 
of the human vocal fold mucosa are essential for vi- 
brating behavior and depend on extracellular matri- 
ces such as collagenous fibers, elastic fibers, glyco- 
proteins, and glycosaminoglycan (proteoglycan). 
Fibrillar collagen serves as a stabilizing scaffold in 
the extracellular matrices. The 3-dimensional struc- 
ture of the reticular fibers, which are one of the fibril- 


. lar collagens, in the vocal fold mucosa is a key com- 


ponent for the structural maintenance and viscoelas- 
ticity of the vibrating tissue.! The complex of reticu- 
Jar fibers and other extracellular matrices 1s very im- 
portant for the viscoelastic properties of the human 
vocal fold mucosa.! 


Fibroblasts are among the interstitial cells that pro- 
duce collagenous fibers and other extracellular ma- 
trices. Some fibroblasts in the human vocal fold mu- 
cosa were previously found to be star-like cells, and 
we described them as fibroblasts.?7 


Some morphological and functional differences 
between the star-like nonconventional fibroblasts and 
conventional fibroblasts are revealed in this report. 
The presence of star-like cells in the human adult 
vocal fold is demonstrated here for the first time. 
These cells have no nomenclature and are thus des- 
ignated as vocal fold stellate cells (VFSC) for con- 
venience in this report. The morphological and func- 


tional characteristics of VFSC were investigated and 
compared with those of conventional fibroblasts by 
light and electron microscopy. 


MATERIALS AND METHODS 


Five normal human adult larynges from autopsy 
cases ranging in age from 49 to 59 years (3 men and 
2 women) were used. For light microscopy, speci- 
mens were fixed in 10% formalin, dehydrated in 
graded concentrations of ethanol, and embedded in 
paraffin. Hematoxylin and eosin, elastica-van Gieson 
(EVG), silver, periodic acid—Schiff (PAS), and Alcian 
blue stainings were used for each section. Elastica— 
van Gieson staining was done for identification of 
collagenous and elastic fibers. Silver staining was 
done for reticular fibers and collagenous fibers, and 
Alcian blue staining (pH 1.0 and pH 2.5) was done 
for glycosaminoglycan. For the hyaluronidase diges- 
tion study, 50 mg of bovine testes hyaluronidase (Sig- 
ma, St Louis, Mo) was diluted in 100 mL of phos- 
phate-buffered saline solution (PBS). Thin sections 
were incubated in the diluted hyaluronidase solution 
for 2 hours at 37?C. The thin sections were subse- 
quently stained with Alcian blue (pH 2.5). Type I and 
type III collagens were detected histologically in for- 
malin-fixed and paraffin-embedded tissue by immu- 
nohistochemistry, for which a labeled streptavidin- 
biotin staining kit (Dako, Carpinteria, Calif) was 
used. All specimens were sectioned at 5- to 6-um 


From the Department of Otolaryngology-Head and Neck Surgery, Kurume University, School of Medicine, Kurume, Japan. 
Presented at the meeting of the American Laryngological Association, Orlando, Florida, May 13-14, 2000. 
CORRESPONDENCE — Kiminori Sato, MD, PhD, Dept of Otolaryngology-Head and Neck Surgery, Kurume University, School of Medicine, 


67 Asahi-machi, Kurume 830-0011, Japan. 


320 Sato et al, Stellate Cells in Vocal Fold 







Fig 1. Transmission electron microscopy of vocal fold stellate cell in macula flava 
(uranyl acetate and lead citrate stain). A) N — nucleus, L — lipid droplet, p — 
cytoplasmic process, CF — collagenous fiber, EF — elastic fiber. B) Intercellular 
organelles in vocal fold stellate cell (B region on Fig 1A). rER — rough endo- 
plasmic reticulum, M — mitochondrion, V — vesicle. C) Lipid droplet (L) in 





thickness and mounted on glass slides. Deparaffi- 
nized and hydrated sections were rinsed with 0.01- 
mol/L PBS at pH 7.4. The specimens were covered 
with 3% hydrogen peroxide for 5 minutes and rinsed 
with 0.01-mol/L PBS, followed by treatment with 
normal goat serum. The specimens were then incu- 
bated with the primary antibody overnight at 4°C. A 
1:100 diluted polyclonal antibody against type I and 
type III collagens (Chemicon International Inc, Te- 
mecula, Calif) was used. After rinsing with PBS and 
labeling with the streptavidin-biotin staining kit, a 
color reaction was developed with 3,3'-diaminoben- 
zidine for about 10 minutes at room temperature. Im- 
munoreactivity was examined by light microscopy. 


For transmission electron microscopy (TEM), the 
specimens were fixed in 2.5% glutaraldehyde at 4°C 
for 2 hours, rinsed with cacodylate buffer solution, 
and postfixed in 2% osmium tetroxide with cacodyl- 
ate buffer solution at 4°C for 2 hours. After rinsing 
with cacodylate buffer solution, the specimens were 
dehydrated in graded concentrations of ethanol and 
embedded in epoxy resin. Semithin sections were pre- 
pared with an ultramicrotome, stained with 1% tolui- 
dine blue, and examined with a light microscope. 
Thin sections were made with an ultramicrotome and 
stained with uranyl acetate and lead citrate, tannic 


vocal fold stellate cell (C region on Fig 1A). 


acid so as to make the glycoprotein and elastin appar- 
ent. Observation was conducted with a JEM-2000EX 
transmission electron microscope (Japan Electron 
Optic Laboratory Co Ltd, Tokyo, Japan). 


RESULTS 


MORPHOLOGICAL CHARACTERISTICS OF VFSC IN 
HUMAN ADULT VOCAL FOLD MUCOSA AND 
COMPARISON WITH CONVENTIONAL FIBROBLASTS 


Many VFSC were distributed in the maculae fla- 
vae, but none were found in Reinke's space. Some 
fibroblasts could be seen throughout the human adult 
vocal fold mucosa. 


Figures | and 2 show TEM findings, and Fig 3 
shows light microscopic findings of VFSC. The VFSC 
were irregular and stellate in shape and possessed 
slender cytoplasmic processes (Figs 1A and 3A). 


Lipid droplets were present in the cytoplasm (Figs 
IC and 2A,B) and were | to 2 um in diameter. They 
were distributed not only in the cell body. but also 
in the cytoplasmic processes, and were of 2 types: 
membrane-bounded (Fig 2A) and non-membrane- 
bounded (Fig 2B). The former were each surrounded 
by a unit membrane. The rough endoplasmic retic- 
ulum and membrane-bounded lipid droplets were 
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closely associated with each other (Fig 2A). Vesicles 
and lipid droplets were also closely present (Fig 2A). 
The unit membrane became indistinct near the vesi- 
cles (Fig 2A). 


The nucleus in VFSC was oval. The nucleus-cyto- 
plasm ratio was small, and a well-developed rough 
endoplasmic reticulum was present (Figs 1 B and 2A). 
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Fig 2. Transmission electron microscopy. A) Membrane- 
bounded lipid droplet (L) and intercellular organelles. rER — 
rough endoplasmic reticulum, V — vesicle, G — Golgi appara- 
tus, small arrowheads — filaments, large arrowheads — indis- 
tinct membrane of lipid droplet near vesicles. B) Non—mem- 
brane-bounded lipid droplets (L). C) Basal bodies (arrows) in 
vocal fold stellate cell. 






A Golgi apparatus consisting of lamellae associated 
with vesicles could be seen (Fig 2A). Ten-nanome- 
ter-thick filaments were present in the cytoplasm (Fig 
2A). Lysosomes were few. Mitochondria were small 
and few. No basal lamina was found. Along the sur- 
face of the VFSC, a number of vesicles were present 
(Figs 1B and 2A). Occasionally, a basal body was 
noted in the cytoplasm (Fig 2C). 





Fig 3. Original x400. A) Vocal fold stellate cells show strong cytoplasm staining with periodic acid-Schiff stain. Arrows — 
vocal fold stellate cells, p — cytoplasmic process, arrowheads — lipid droplets. B) Type III collagen in cytoplasm of vocal 
fold stellate cells, shown by immunohistochemical staining. Arrows — vocal fold stellate cells, arrowheads — lipid droplets. 
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Fig 4. Conventional fibroblast in Reinke's space (trans- 
mission electron microscopy). N — nucleus. 


The VFSC showed strong cytoplasm staining with 
PAS (Fig 3A) and type III collagen (Fig 3B), while 
type I collagen stained few components in the cyto- 
plasm of the VFSC. Lipid droplets were recognized 
as clear globules in PAS- and type III collagen-pre- 
cipitated cytoplasm (Fig 3). 


The conventional fibroblasts were spindle-shaped 
or oval (Fig 4), with no processes and few lipid drop- 
lets. The fibroblast nuclei were elliptic. The nucleus- 
cytoplasm ratio was large, and poorly developed 
rough endoplasmic reticulum and Golgi apparatus 
were apparent (Fig 4). Filaments were seen in the 
cytoplasm. There were no basal laminae. Along the 
surface of the fibroblasts, few vesicles could be seen. 
The PAS stain and type I and type III collagens 
stained few components in the cytoplasm of the fibro- 
blasts. 

FUNCTIONS OF VFSC IN HUMAN ADULT VOCAL 


FOLD MUCOSA AND COMPARISON WITH 
CONVENTIONAL FIBROBLASTS 


Collagenous Fibers. There were many collagenous 
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fibers that stained red with EVG (Fig 5A) and silver 
stain (Fig 5B) around VFSC in human adult macu- 
lae flavae. Many reticular fibers, stained black with 
silver stain, could be detected around the VFSC (Fig 
5B). In Fig 6A, an electron microscopic examination 
was made of the synthesis of collagenous fibers by 
VFSC. There were many vesicles at the periphery of 
the cytoplasm, and newly released amorphous mate- 
rials were present on the cell surface of VFSC. Micro- 
fibrils 10 to 15 nm wide were observed around the 
amorphous materials. Collagenous fibrils were de- 
tected near the microfibrils. Thus, the VFSC appear 
to actively synthesize not only collagenous fibers, 
but also reticular fibers, in human adult vocal fold 
mucosa. The electron microscopic study indicated 
that the conventional fibroblasts synthesized few col- 
lagenous fibers (Fig 4). 

Elastic Fibers. Many elastic fibers, stained black 
with EVG staining, were present around VFSC in 
human adult maculae flavae (Fig 5A). Figure 6B 
shows electron microscopically the synthesis of elas- 
tic fibers by VFSC. There were many vesicles at the 
periphery of the cytoplasm, and newly released amor- 
phous materials were seen on the cell surface of 
VFSC. Microfibrils 10 to 15 nm wide were situated 
around the amorphous materials. There were micro- 
fibril assemblies on which elastin appeared to be de- 
posited. The amorphous substance of the elastic fi- 
bers may have been produced by fusion of microfi- 
brils. The conventional fibroblasts in the vocal fold 
mucosa produced few elastic fibers, according to 
electron microscopy (Fig 4). 


Glycosaminoglycan. Maculae flavae were strongly 
stained light blue with Alcian blue at pH 2.5 (Fig 7), 
and relatively sparse staining with Alcian blue at pH 
| was noted. The ground substance around VFSC was 
stained in the same way. Material in the maculae fla- 
vae that was strongly stained with Alcian blue (pH 
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Fig 5. Maculae flavae (original x400). A) Collagenous (red) and elastic (black) fibers around vocal fold stellate cells (SC) in 
macula flava (elastica-van Gieson staining). Nuclei of vocal fold stellate cells are shown by yellow color. B) Collagenous 
(arrows) and reticular (arrowheads) fibers around vocal fold stellate cells (SC) in macula flava (silver staining). 
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tannic acid staining). v — vesicle, am 
plasmic reticulum, el — elastin. 


2.5) was digested by hyaluronidase. Much glycos- 
aminoglycan (hyaluronic acid) was situated around 
the VFSC in the human adult maculae flavae. There 
was not as much Alcian blue-stained substance 
around the conventional fibroblasts in the human vo- 
cal fold mucosa. 


The VFSC located in the human adult maculae 
flavae and first demonstrated in this study are among 
the important interstitial cells. They actively synthe- 
size extracellular matrices such as collagenous fibers, 
including reticular fibers, elastic fibers, and glycos- 
aminoglycan (hyaluronic acid) under normal condi- 
tions. The conventional fibroblasts in the human adult 
vocal fold mucosa synthesize few extracellular ma- 
trices under normal conditions. 


DISCUSSION 


Adult vocal folds have a layered structure consist- 
ing of the epithelium; the superficial, intermediate, 
and deep layers of the lamina propria; and the vocalis 
muscle.5? These layered structures are very impor- 
tant in vibration.’ Viscoelasticity of the lamina pro- 
pria of the vocal fold mucosa (especially the cover, 
consisting of epithelium and the superficial layer of 
the lamina propria) is required for vibration and pho- 
nation. The viscoelastic properties of the lamina pro- 
pria are necessary for vibration and depend on extra- 
cellular matrices. The 3-dimensional structure com- 
posed of extracellular matrices is indispensable to 
the viscoelastic properties of the human vocal fold 
mucosa. ! 


The maculae flavae were previously shown to con- 
trol the synthesis of fibrous components such as the 
vocal ligaments of human vocal folds.? The maculae 
flavae are essential for the growth, development, and 
aging of the vocal fold mucosa.?+ Some fibroblasts 
that produce extracellular matrices in the human mac- 


Fig 6. Synthesis of A) collagenous fibers and B) elastic fibers by vocal fold stellate cells (transmission electron microscopy. 
amorphous material, mf — microfibril, cf — collagenous fibril, rER 
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ulae flavae were previously found to be star-like cells, 
and we described them as fibroblasts.^/ Some mor- 
phological and functional differences between non- 
conventional fibroblasts (star-like cells) and conven- 
tional fibroblasts were revealed in this study for the 
first time. 

MORPHOLOGICAL COMPARISON BETWEEN VFSC 


AND CONVENTIONAL FIBROBLASTS IN HUMAN 
ADULT VOCAL FOLD MUCOSA 


The distribution of fibroblasts differs according 
to site in the vocal fold mucosa.? The cells are dense 
in the maculae flavae and sparse in Reinke's space.*: 





Fig 7. Glycosaminoglycan (hyaluronic acid) around vo- 
cal fold stellate cells on coronal section of human vocal 
fold (Alcian blue staining [pH 2.5], original x12.5). Pos- 
terior macula flava is strongly stained light blue (arrows). 
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In this study, VESC were located in the maculae fla- 
vae, but were absent in Reinke’s space. Conventional 
fibroblasts were present not only in the maculae fla- 
vae, but throughout the vocal fold mucosa. 


The VFSC had a fibroblast-like structure essen- 
tially the same as that of conventional fibroblasts. 
The VESC differed most from conventional fibro- 
blasts in shape, being stellate and possessing slender 
cytoplasmic processes. Conventional fibroblasts are 
spindle-shaped or oval. 


The VFSC also possessed lipid droplets in the cy- 
toplasm, while fibroblasts had few lipid droplets un- 
der normal conditions. Intercellular organelles were 
also noted in VFSC, in which the nucleus-cytoplasm 
ratio was small and the rough endoplasmic reticu- 
Jum was well developed, indicating these cells to be 
activated and possessing active protein synthesis. The 
conventional fibroblasts had a large nucleus-to-cy- 
toplasm ratio, less rough endoplasmic reticulum, and 
fewer Golgi apparatus, and thus are inactive and at 
rest under normal conditions. 


The cell shape on a TEM section is not necessar- 
ily the same as that of an entire cell. Some VFSC do 
not always possess the characteristics specified above. 
Occasionally, it is difficult to distinguish VFSC from 
conventional fibroblasts solely on the basis of shape. 


The VFSC showed strong cytoplasm staining with 
PAS, which stained few components in the cytoplasm 
of conventional fibroblasts. The cytoplasm of VFSC 
appeared to contain much glycogen and glycopro- 
tein. 


The VFSC showed strong cytoplasmic staining 
with type III collagen, while type I collagen stained 
few components in the cytoplasm. Type III and type 
I collagens stained few components in the cytoplasm 
of conventional fibroblasts under normal conditions. 
The meaning of these findings is unclear, but possi- 
bly may be related to the production of type III col- 
lagen and reticular fibers. Type III collagen may be- 
come the cell marker of VFSC in human vocal folds. 


FUNCTIONAL COMPARISON BETWEEN VFSC AND 
CONVENTIONAL FIBROBLASTS IN HUMAN ADULT 
VOCAL FOLD MUCOSA 


The VFSC had a well-developed rough endoplas- 
mic reticulum, suggesting active protein synthesis in 
these cells. The most outstanding functions of VFSC 
were the active synthesis of collagenous fibers, in- 
cluding reticular fibers, and other extracellular ma- 
trices such as elastic fibers and glycosaminoglycan 
(hyaluronic acid) under normal conditions. These ex- 
tracellular matrices are dense in the maculae flavae. 
Conventional fibroblasts produce few extracellular 


matrices in the human adult vocal fold mucosa un- 
der normal conditions. 


The predominant collagen in the lamina propria 
of the vocal folds was previously shown to be type 
III,!? a fibrillar collagen traditionally designated as 
reticular fibers. Fibrillar collagen, such as reticular 
fibers, serves as a stabilizing scaffold in the extracel- 
Jular matrices and has been shown to be essential for 
the structural maintenance and viscoelasticity of vi- 
brating tissue.! The delicate 3-dimensional structures 
of reticular fibers contribute to maintaining the struc- 
ture of the vocal fold mucosa during vibration with- 
out disturbing the vibration.! The complex 3-dimen- 
sional structure of reticular fibers and other extracel- 
lular matrices contributes to maintaining the struc- 
ture of the vocal fold mucosa and is requisite to the 
viscoelastic properties of the lamina propria of the 
vocal fold mucosa, which are very important for the 
vibratory behavior of the structure.! 


The VFSC were found here to actively produce 
extracellular matrices, including reticular fibers, in 
the vocal fold mucosa under normal conditions. The 
VFSC may be related to the fibrogenesis that main- 
tains the viscoelastic properties of the human adult 
vocal fold mucosa. The conventional fibroblasts are 
inactive and produce few extracellular matrices un- 
der normal conditions. The VFSC in the human adult 
vocal fold mucosa may possibly have some role in 
the metabolism of the extracellular matrices under 
normal conditions. The conventional fibroblasts may 
be activated in a pathological state such as injury of 
the vocal fold tissue. 


As mentioned above, there are many morphologi- 
cal and functional differences between VFSC and con- 
ventional fibroblasts in the human adult vocal fold 
under normal conditions. The VFSC may form an 
independent cell category that should be considered 
a new category of cells in the human vocal fold. How- 
ever, the possibility cannot be excluded that VFSC 
are a kind of transformed conventional fibroblast. 


RELATIONSHIP BETWEEN VFSC AND HEPATIC 
STELLATE CELLS 


Hepatic stellate cells (HSC) resemble VFSC. Stel- 
late cells in the liver were first described by von Kupf- 
fer!! in 1876. However, the true nature of these cells 
remained unclear until they were rediscovered by 
Wake!2 in 1971. These cells were formerly known 
as Ito cells, fat-storing cells, vitamin A—storing cells, 
lipocytes, perisinusoidal cells, and parasinusoidal 
cells. The term hepatic stellate cell was established 
in 1996.13 


The HSC are important hepatic perisinusoidal cells, 
are stellate in shape, and have cytoplasmic process- 
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es. 2.14 Their most conspicuous feature is the pres- 
ence of lipid droplets.12.14:15 Intercellular organelles 
such as rough endoplasmic reticulum are well devel- 
oped. The VESC in the human adult vocal fold mu- 
cosa are very similar to HSC. 


The storage of vitamin A (retinol) in lipid droplets 
and fibrogenesis in the liver are the main functions 
of HSC,!^ and they are correlated.!? These cells syn- 
thesize collagenous fibers, including type III colla- 
gen.!> The retinol contained in lipid droplets con- 
trols the fibrogenesis of collagen in HSC, and reti- 
nol treatment suppresses collagen synthesis in the 
liver.!5 Hepatic stellate cells regulate collagen me- 
tabolism to produce and digest collagens.!? The HSC 
have physiological and pathological functions in the 
liver. 





Whether the lipid droplets in VFSC contain vita- 
min À could not be determined in this study, since 
the specimens had been fixed. Rough endoplasmic 
reticulum and vesicles were closely associated with 
lipid droplets in the cytoplasm on electron micros- 
copy. The unit membrane of the lipid droplets be- 
came indistinct near the vesicles. These findings in- 
dicate that the lipid droplets in the VFSC participate 
in the synthesis of protein and extracellular matrices. 


The VFSC actively synthesize extracellular ma- 
trices in the human adult vocal fold mucosa under 
normal conditions. The VFSC in the maculae flavae 
of human adult vocal folds are involved in the metab- 
olism of extracellular matrices essential for the vis- 
coelastic properties of the lamina propria of the hu- 
man vocal fold mucosa. 
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ASSESSMENT OF VESTIBULAR SCHWANNOMA GROWTH: 
APPLICATION OF A NEW MEASURING PROTOCOL TO THE RESULTS 
OF A LONGITUDINAL STUDY 
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This study pertains to a group of 44 patients with unilateral vestibular schwannoma who did not undergo surgery. Prospectively, 
the dimensions of the tumor were depicted at regular intervals by means of magnetic resonance imaging and then judged independently 
by an otolaryngologist and a neuroradiologist. Retrospectively, the size of the tumor was quantified by measuring the maximum 
surface of the lesion in the axial plane. The retrospective surface measurements confirmed the assessments made in the prospective 
part of the study: growth in 18% of the patients and shrinkage in 7%; 75% remained unchanged. This approach is a pragmatic means 
to determine whether the size of a tumor has changed over the course of time. 


KEY WORDS — follow-up, growth, magnetic resonance imaging, nonoperative management, vestibular schwannoma. 


INTRODUCTION 


The rationale behind any vestibular schwannoma 
(VS) operation is that the tumor is presumed to be 
growing and thereby posing a threat to the patient in 
the form of further deterioration. Besides hearing 
loss, VS will eventually lead to serious and progres- 
sive neurologic deficits that may have a fatal out- 
come. The aim of this study was to contribute to the 
current knowledge about the natural history of VS 
by reporting on a longitudinal study that we con- 
ducted in patients with VS who did not undergo sur- 
gery. 

Magnetic resonance imaging (MRI) is generally 
considered the most accurate means of depicting a 
VS. It can be used to establish the dimensions of a 
tumor in various ways. It seems practical to take the 
maximum surface of the lesion in the axial plane as 
a measure of tumor size; however, this method has 
not been validated. Therefore, a secondary aim of this 
study was to determine whether changes in the mea- 
sured surfaces of a lesion correspond with changes 
in tumor size as judged by independent observers. 


MATERIAL AND METHODS 


This longitudinal study pertains to a group of 44 
patients with unilateral VS who were referred to the 
University Hospital Utrecht between 1990 and 1997. 
The diagnosis of VS in these patients was based on a 
highly characteristic history, audiovestibular symp- 


toms, and imaging features. The patients’ status was 
followed, and the dimensions of the tumor were re- 
corded prospectively at regular intervals by MRI. 
This procedure was carried out with T1-weighted 
pulse sequences. The repetition time was 500 ms, 
the echo time 30 ms, the number of averages 4, and 
the slice thickness 3.0 mm, with a gap of 0.3 mm. 
Sagittal and coronal surveys were used to ensure a 
scan plane through both internal auditory canals. A 
transverse scan was made, and no angulation was 
used. In some patients, this method could have re- 
sulted in slightly different scan planes in relation to 
the tumor. However, a difference of a few degrees is 
unlikely to result in significant differences in tumor 
surface. The reasons why these patients were not 
treated are listed in Table 1. We included only those 
patients who had been followed for at least 1 year 
and of whom at least 2 scans had been taken. Two 
observers (an otolaryngologist and a neuroradiolo- 


TABLE 1. PATIENTS WHO DID NOT HAVE THERAPY 


Rationale for 
Conservative Age (y) 

Treatment <50 50-59 60-69 >70 
Decision of patient 11 6 1 1 
Refusal despite advice 

for surgery 2 
Age 10 8 
Physical condition 1 3 
Tumor in better-hearing 

ear 1 
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Fig 1. Measurements were performed after manually 
tracing boundaries of maximum surface of tumor in axial 
plane. 


gist) made independent visual assessments of each 
MRI print to detect possible changes in tumor size. 


The retrospective part of this study consisted of 
recording the size of each tumor in consecutive MRI 
scans. To quantify size, the maximum surface of the 
lesion depicted in the axial plane was measured. This 
maximum surface was used as a measure of tumor 
size. Only 1 picture was used from each MRI session: 
that representing the maximum size. The picture used 
for the measurement was chosen on the basis of visu- 
al inspection. In case of doubt, the picture with the 
largest lesion surface was selected. The measurement 
was performed with an IBAS/VIDAS image analysis 
system (Kontron/Zeiss, Eiching, Germany). Each of 
the selected pictures was placed on a light box and 
scanned with a camera (Sony black-and-white charge- 
coupled device, type XC-77CE, Tokyo, Japan) 
mounted on a macroscope stand. For each print, the 
image analysis system was calibrated by aligning the 
ruler that was included on the picture. The images 
were subsequently digitized and enhanced (frame size, 
768 x 512 pixels; 256 gray levels). The edges of the 
tumor were manually traced, and the surface was then 
measured (Fig 1). Each measurement was performed 
by the 2 observers independently. The average of the 
2 observations was taken as the size of the tumor. 


For each patient at each test moment, | value for 
the size of the tumor was obtained by averaging the 
measuring results of the 2 observers. The measure- 
ments were repeated during a follow-up period. In 
this way, we obtained a series of tumor sizes for each 
patient. We then calculated the mean and the standard 


deviation (SD) of the tumor size for each patient. 
Because the length of the follow-up period was dif- 
ferent in many patients, the number of measurements 
of tumor size that were available varied between 2 
and 7 per patient (average, 3.7 measurements per pa- 
tient). The SD was taken as an indicator of growth 
or shrinkage of the tumor. In other words, the SD will 
be rather large for a tumor that is either growing or 
shrinking. A parameter of growth (PG) that equaled 
the SD was introduced. The parameter was given a 
negative sign if the tumor was shrinking. Thus, shrink- 
age could be determined from the consecutive tumor 
surfaces of the individual subjects. If the tumor hardly 
changed in size over time, the SD can be interpreted 
as the reproducibility of the measurements. We in- 
troduced an overall threshold for PG whereby pa- 
tients' lesions with a PG value above the upper thresh- 
old can be considered growing tumors. Patients whose 
lesions had a PG value below the lower threshold 
were said to have a shrinking tumor. The overall 
threshold was defined as the average value of | SD 
of all patients. 


RESULTS 


Twenty-nine male and 15 female patients entered 
the study. Their mean age was 58 years (range, 29 to 
76 years) at the time of the first MRI scan. The prints 
of 164 scans were examined. An average of 3.7 MRIs 
were taken of each patient (range, 2 to 7). The mean 
follow-up period was 3.5 years (range, 12 to 74 
months). The time between 2 subsequent scans 
ranged from 6 to 20 months, with a median of 12 
months. There were no discrepancies between the 
judgments of the 2 observers in the prospective part 
of this study. Growth was assessed in 8 patients (18%) 
and shrinkage in 3 (796), and the size of the tumor 
remained unchanged in 33 patients (75%). 


In the retrospective part of the study, the judgments 
of the 2 observers appeared to vary only slightly. The 
pairwise interobserver agreement was excellent; the 
correlation coefficient was .9978 (p < .0001; Fig 2). 
In Fig 2, the individual patients are represented by 
their patient number on the x-axis and their PG value 
on the y-axis. The overall threshold was calculated 
as described above and equaled 18.2. This value is 
represented by the horizontal lines at 18.2 and — 18.2. 
The results of the measurements were in accordance 
with the findings of the otolaryngologist and the neu- 
roradiologist who had visually interpreted the MRI 
findings. The 8 patients with a PG value above the 
upper threshold were the same ones identified by 
these observers as having a growing tumor. Similarly, 
both procedures — visual inspection and measure- 
ment of the lesion on the MRI print — identified the 
same 3 patients as having a shrinking tumor. 
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Fig 2. Results of consecutive measurements. Parameter 
of growth (PG) above upper threshold and that below 
Iower threshold (horizontal lines) represent growth and 
shrinkage, respectively. When PG lies between these 
thresholds, tumor size is considered to be unchanged. 


DISCUSSION 


The body of literature on VS surgical series and 
operative techniques is extensive. In contrast, few 
studies have been done on the natural history and 
growth characteristics of VS, and most of those stud- 
ies refer to laboratory investigations on histologic 
specimens obtained at surgery. In that light, any con- 
clusions that have been drawn on the progression of 
VS must be based on some degree of conjecture. The 
problem 1s that the growth of these tumors is deter- 
mined by various factors that are poorly understood. 
The only way to obtain definite data on the clinical 
behavior of VS is to follow patients and record rele- 
vant clinical parameters at regular intervals. In partic- 
ular, the dimensions of the tumor must be noted. How- 
ever, ethical considerations always impair the compo- 
sition of a group of patients to be included in a ran- 
domized longitudinal study. The present study is no 


exception. The patients who entered this study might 
not be representative of all patients with VS, because 
they were not selected randomly but according to the 
criteria given in Table 1. 


An MRI examination allows for an accurate as- 
sessment of the tumor size. In this respect, that meth- 
od is superior to all previous diagnostic imaging 
methods. It is hardly possible to relate the numbers 
presented here to data reported in the literature be- 
cause the results are difficult to compare. The main 
reason is that most authors combine the outcomes of 
several imaging methods and measuring techniques, 
as illustrated in Table 2.1-1^ Another reason is the 
inclusion of bilateral and cystic tumors in several 
studies. Bilateral tumors in patients with neurofibro- 
matosis and cystic tumors have a different natural 
behavior. Moreover, in patients with bilateral tumors 
the rationale of a wait-and-see policy is not compar- 
able to the one in patients with VS. Therefore, studies 
concerning these tumors were excluded from Table 
2, which shows the data summarized from the litera- 
ture. Of the 14 series in the literature shown in this 
Table, the measurements were restricted to just 1 
imaging method in only 5 series. Unlike most of the 
series from the literature, only 1 imaging method was 
applied in the present study. Furthermore, a new pro- 
toco] was used to assess the size of the tumor and 
any possible changes between consecutive observa- 
tions. 


Studies in the literature express tumor size in di- 
verse ways. The most common procedure is to mea- 
sure the maximum diameter of the tumor.!5:!6 How- 
ever, this entails gross simplification, because tumors 
are 3-dimensional structures. Moreover, a change in 
the diameter implies an exponential change in the 


TABLE 2. SERIES IN LITERATURE WITH CONSERVATIVE MANAGEMENT OF VESTIBULAR SCHWANNOMAS 


No. of No Growth or 
Authors Patients Method Follow-up Shrinkage (96) 
Bederson et al! 70 CT or MRI 24-28 mo (mean, 26 mo) 46 
Charabi et al? 123 CT or MRI Mean, 3.4 y 26 
Deen et a]? 68 MRI Mean, 3.4 y 71 
Glasscock et al^ 34 MRI 5-108 mo (mean, 28.5 mo) 44 
Laasonen and Troupp? 21 CT 6 mo to 4 y 33 
Levo et alë 24 MRI 1-6 y (mean, 2 y) 58 
Martin et al? 39 MRI 6 mo to 14 y 67 
Nedzelski et al? 50 CT, air CT, or MRI 7-152 mo 52 
Sarazin et al? 15 MRI volumetry Mean, 428 d 73 
Silverstein!? 11 CT or MRI 15-108 mo 73 
Strasnick et a]!! 91 CT or MRI 6 mo to 11 y (mean, 2.6 y) 78 
Thomsen and Tos!” 21 CT, air CT, or polytomography — 1-16 y (mean, 4.2 y) 86 
Valvassori and Guzman? 35 CT, MRI, or cisternogram 8 mo to 12 y 43 
Wiet et al!4 33 CT or MRI Mean, 2.13 y 60 
Present series 44 MRI 12-72 y (mean, 3.5 y) 82 


Series with fewer than 10 patients are not mentioned. 
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volume of the lesion. For example, when the diameter 
has doubled, the volume has increased 8 times, as- 
suming that the shape of the tumor has not changed. 
Thus, it is not sufficient to express growth in terms 
of diameter alone. To overcome this problem, various 
solutions have been worked out. 


The American Academy of Otolaryngology—Head 
and Neck Surgery recommends estimating the tumor 
size by taking the square root of the product of the 2 
standardized diameters in the axial plane. !7 This pro- 
cedure also has some drawbacks. One is that the su- 
perior and inferior extents of the tumor are not taken 
into account. Another is that this procedure is in- 
tended to classify VSs in such a manner as to allow 
comparison of the results of surgery, not to establish 
changes in tumor size over time. 


Charabi et al? measured the length and the width 
of the tumor in a standardized way. Thus, they ob- 
tained a numerical value for 2 of the 3 dimensions. 
They calculated the volume of the tumor with the 
assumption that it has a spheroid shape. The value 
of that figure 1s debatable, because VSs also may 
take the shape of a globe, pear, dumbbell, or cigar, 
or even be irregularly lobulated.!? Moreover, the vol- 
ume of the intracanalicular part of the tumor is not 
measured. Only an estimated intracanalicular tumor 
volume is added to the calculated extraméatal part 
of the tumor. This may lead to inaccuracies when 
one tries to determine changes in tumor volume over 
time. As stated above, many authors describe growth 
in terms of an increase in diameter. In the method of 
Charabi et al, the numerical indicators of growth in- 
crease up to the third power, because the formula 
that is used yields the product of the 3 dimensions of 
the tumor. As a consequence, growth is presented in 
numbers that are substantially higher than those found 
with other procedures. 


The method described here also has some draw- 
backs. However, all (potential) errors are presumed 
to be randomly distributed through the series of mea- 
surements. The assessment of changes in tumor size 
pertains to a series of observations. Minor variations 
are considered to be an intrinsic part of the method 
used here. Therefore, only those changes that exceed 
a certain limit (see above) are considered to be a mea- 
ningful and true representation of reality. 


Computer-assisted volume calculations, derived 
from MRI, seem to be the best solution to the prob- 
lem.? Theoretically, volumetric MRI measurements 
would be optimal if consecutive slices with a maxi- 
mum thickness of 1 mm were used. With thin slices, 
thetumor would be depicted on multiple slices. More- 
over, the influence of partial volume effects would 
be marginal. A slice orientation in the sagittal plane 


would, in the majority of tumors, provide the most 
slices and lead to the most accurate volume calcula- 
tion. Also, a volumetric method with thin slices would 
minimize the influence of different scan angles. Nev- 
ertheless, we used 3-mm slices with a 0.3-mm slice 
gap. The main reason is that this pulse sequence had 
been used from the start of the study in 1990. It was 
eventually applied to all patient visits because it re- 
mained available on new MRI equipment at our hos- 
pital. The slices that can be obtained with this pulse 
sequence are of limited value for a volumetric mea- 
surement. That is especially true for small VSs, be- 
cause the tumor will be covered by only a few slices. 
In this study, the possible changes in tumor size as 
depicted on MRI were initially visually judged by a 
neuroradiologist and an otolaryngologist. Obviously, 
their judgments were based on a subjective, visual 
estimation of tumor size as seen on the consecutive 
images. The method described here was used in an 
attempt to objectify their judgments. It entailed out- 
lining the maximum surface of the tumor on an axial 
slice. This surface was considered to be a parameter 
of the size of a tumor. The method enabled us to over- 
come problems that would have arisen if volumetric 
measurements were used with the pulse sequence as 
described above. Only the image that showed the 
maximum size of the lesion was used. The surface 
measurement appears to be a practical solution to 
some problems in the assessment of changes in tumor 
size. It enables us to determine changes in tumor size 
on images that are obtained through the years with 
different generations of MRI scanners. As mentioned 
above, all methods described in the literature have 
their specific disadvantages and may result in erro- 
neous outcomes. An important conclusion of this 
study is that the method we used has proven to be as 
reliable as the judgments of MRI findings by clini- 
cians. This indicates that the figures presented in this 
study with respect to changes in tumor size are real- 
istic. In future studies, volumetric assessments will 
certainly be possible with the new sophisticated im- 
aging techniques that are available today. The value 
of the threshold, being the average of the individual 
SD values, can be considered as rather arbitrary and 
needs validation. 


The observations presented here give rise to sev- 
eral considerations. Sometimes, in surgery for VSs, 
minor tumor fragments are left behind deliberately, 
mainly in order to preserve the continuity of the facial 
nerve. This is because there is no plane of cleavage 
between the facial nerve and the tumor.!9.29 It has 
been demonstrated that this is also likely to occur 
when hearing conservation is pursued, because the 
interface between the tumor and the axons of the co- 
chlear nerve is not sharply delineated.?!-?? Neverthe- 
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less, recurrences are very rare in these cases. It is 
conceivable that the natural behavior of VSs is re- 
sponsible for this lack of demonstrable recurrences 
after surgical procedures that are obviously not rad- 
ical. An explanation may be that the tumors have 
reached a (meta)stable phase, in which the doubling 
time of the remaining small amount of tumor cells is 
so long that it is impossible to demonstrate apparent 
regrowth of a tumor during a patient's lifetime. The 
result of stereotactic radiosurgery should also be con- 
sidered in the light of the natural course of the dis- 
order. In view of the observations mentioned above, 


it does not seem impossible that after radiosurgery, 
failures might occur in patients in whom pronounced 
growth of the tumor is an intrinsic part of the disease, 
whereas radiosurgical success might occur in at least 
some of the tumors that are not growing. 


Finally, our results suggest once again that “watch- 
ful waiting" is a realistic and justifiable alternative 
to treatment, particularly in patients who have small 
VSs. Follow-up with repeated MRI studies remains 
mandatory in these cases. Treatment may then be post- 
poned until growth has been definitely established. 
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Aneurysmal bone cysts are vascular lesions that destroy and expand bone. We report a recently treated case of an aneurysmal 
cyst of the sphenoid bone. A 14-year-old girl presented with frontal headaches, bouts of nausea, and vomiting. Computed tomogra- 
phy and magnetic resonance imaging showed typical features of an aneurysmal bone cyst. Arterial embolization was undertaken 
before surgery. The endoscopic transnasal procedure used allowed the complete removal of the aneurysmal bone cyst. This use of 
minimally invasive surgery makes this case of interest to surgeons of the skull base and sinuses. 


KEY WORDS — aneurysmal bone cyst, endoscopic ethmoidectomy, sphenoid bone. 


INTRODUCTION 


Aneurysmal bone cysts (ABCs) typically involve 
the long tubular limb bones, the membranous bones 
of the thorax and pelvis, and the vertebrae.! They 
rarely occur in the skull (3% to 6% of cases) and 
facial bones.!-? Although ABC is a non-neoplastic 
condition with no propensity to metastasize, its po- 
tential for rapid growth, considerable destruction of 
bone, and extension into adjacent soft tissue has gen- 
erally led to aggressive therapy.! The conventional 
therapy has been surgery or radiotherapy. However, 
direct sclerotherapy has also been used.^ The fol- 
lowing report describes an. ABC of the sphenoid bone 
in a young girl that was treated by minimally invasive 
surgery and its 3-year follow-up. The rarity of this 
disease in the ear, nose, and throat area, the vital struc- 
tures affected by the tumor, the symptoms (a non- 
relapsing headache, which revealed the lesion), and 
the removal of this extradural lesion involving the 
clivus by minimally invasive surgery make this case 
of interest to surgeons of the skull base and sinuses. 


CASE REPORT 


A 14-year-old girl was seen in March 1997 at Or- 
léans Hospital with frontal headaches, bouts of nau- 
sea, and vomiting. Computed tomography (CT) 
showed sphenoid bone erosion that was not compat- 
ible with a mucocele, but looked more like a tumor. 
A biopsy specimen was obtained under general anes- 
thesia by a transnasal approach, and an aneurysmal 


cyst was diagnosed. The symptoms worsened there- 
after, and the girl was given steroids (20 mg methyl- 
prednisolone per day) to control the nausea and head- 
ache. | 


A new investigation was done in June 1997, and 
the girl was sent to our institution. The CT scans (Figs 
1 and 2) showed a large tumor centered on the sphe- 
noid bone with extensive bone lysis. The cyst ap- 
peared as a blown-out, expansible lesion outlined by 
paper-thin peripheral (“eggshell”) cortical bone. The 
tumor had spread to involve the optic canals on both 
sides and the foramen rotundum. There was a very 
large pneumatization of the sphenoid bone, and the 
tumor had spread into the roots of the pterygoid pro- 
cesses behind the pterygopalatine pit. Magnetic reso- 
nance imaging (MRI; Fig 3) showed the boundaries 
of the lesion with normal bone and soft tissue exten- 
sion. The tumor extended to the internal walls of the 
cavernous sinus and to the clivus. There was no long- 
er a clear posterior limit between the tumor and the 
sella turcica to the clivus. The tumor had lifted the 
dura mater of the anterior floor, and the limits of the 
cribriform plate were not clear. Finally, the tumor had 


invaded the posterior ethmoid bone up to the basal 


lamella of the middle turbinate. 


Preoperative arterial embolization was undertaken 
with gelatin sponge particles (250 to 355 um and 
355 to 500 um, Cordis, Viry-Chatillon, France) after 
superselective catheterization of both sphenopalatine 
arteries and the left stylomastoideus artery. A trans- 
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Fig 1. Coronal computed tomography scan with bone win- 
dows shows large tumor centered on sphenoid bone with 
extensive bone lysis. Cyst appears to be outlined by pa- 
per-thin peripheral (“eggshell”) cortical bone. Tumor has 
spread to involve optic canals on both sides and roots of 
pterygoid processes. 





nasal endoscopic procedure was performed 48 hours 
after embolization, because the lesion remained ex- 
tradural. A bilateral ethmoidectomy was performed 
to completely expose the internal walls of the orbits. 
The posterior part of the septum was then removed, 
together with the remnants of the anterior wall of the 
sphenoid sinus. Most of the tumor could be removed 
via the midline. Drilling under irrigation with a dia- 
mond drill exposed the floor of the sphenoid sinus. 
The maxillary nerve, the internal walls of the caver- 
nous sinus, the internal carotid arteries, the optic 
nerves, and the sella turcica could then be gently dis- 
sected out, and the dura mater of the posterior fossa 
was identified. Tumor remnants in the roots of the 
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Fig 3. Sagittal gadolinium-enhanced T1-weighted mag- 
netic resonance image shows extension to clivus. There 
is no longer any clear limit between tumor and sella tur- 
cica to clivus. Forward, tumor has invaded posterior eth- 
moid bone up to basal lamella of middle turbinate. 


pterygoid process were removed after drilling out the 
inner plate of the sphenoid bone. 


The follow-up, for 3 years, has remained unevent- 
ful. Repeated CT and endoscopic monitoring has 
shown no sign of residual tumor, but there has been 
bone reconstruction. 


DISCUSSION 


We report a case of a sphenoidal ABC treated in 
our institution with a 3-year follow-up. This lesion 
is extremely rare, with only 3 published cases in the 
sphenoid sinuses and 2 in which it extended into the 
upper nasal fossae or into the ethmoid sinuses.^? 


Presently considered to be neither an aneurysm 
nor a true cyst, ABC is a benign, non-neoplastic bone 
lesion containing numerous blood-filled, usually non- 





Fig 2. Axial computed tomography scan with bone windows. A) Note very large development of sphenoid sinus with bulging 
of carotid artery canal (arrow). B) Tumor has spread into roots of pterygoid processes (arrowhead) behind pterygopalatine pit 


(arrow). 
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‘endothelialized cavities.? Approximately 95% of 


ABCs have similar features of blood-filled clefts di- 
vided by bony trabeculae, fibrous tissue, and stro- 
mal giant cells.? The remaining 5% of ABCs are solid 
tumor variants with features that include fibroblas- 
tic or fibrohistiocytic proliferation; osteoid produc- 
tion; osteoblastic differentiation; giant cells; focally 
degenerate, calcifying fibromyxoid areas; and aneu- 
rysmal sinusoids.!° The cellular nature of the solid 
variant and its high mitotic index sometimes lead to 
its being confused with spindle cell malignancies 
such as osteosarcoma, but no ABCs have atypical 
cells.1! 


Computed tomography shows a characteristic ex- 
pansion and thinning of the overlying cortical bone 
on bone windows. This might be confused with a 
mucocele, but peripheral enhancement with iodide 
eliminates this possibility. The CT data may suggest 
other rare lesions. Then, MRI should be performed. 
The signal intensities of ABCs vary according to the 
cyst contents: unclotted blood or bloody fluid gives 
a strong signal on Ti- and T2-weighted images, 
whereas clear or low-protein fluid gives a weak sig- 
nal on T1-weighted images and a strong signal on 
T2-weighted images. Lesions are usually surrounded 
by a low-intensity rim of fibrocartilage or bone. À 
fluid-fluid level is a characteristic feature of ABCs 
(with CT and with MRI), although not diagnostic (oc- 
curring also, rarely, in giant cell tumors, fibrous dys- 
plasia, simple bone cysts, chondroblastomas, and tel- 
angiectatic osteosarcomas).!3.8 Fluid levels in ABCs 
(and, less commonly, in other lesions) may be soli- 
tary or multiple. Nonetheless, the well-defined mar- 
gins of the ABC usually help to distinguish it from 
these other lesions.? 


The ABC is a benign lesion of obscure pathogene- 


sis, usually found in patients less than 20 years old.1:!4 
It grows rapidly, with considerable destruction of bone 
and extension into adjacent soft tissue.! Treatment 
includes wide surgical excision, curettage with or 
without bone grafting, and irradiation. In the Mayo 
Clinic series, 19% of primary ABCs treated by curet- 
tage recurred, but no patient who had clear surgical 
margins had a recurrence.!3 Three patients whose 
ABCs were treated with radiotherapy subsequently 
developed a sarcoma.!* Consequently, this treatment 
can no longer be recommended. Direct intratumoral 
sclerotherapy has been reported as a treatment for 
ABCs of the sphenoid bone.^ The authors concluded 
that its devascularization of the lesion makes it suit- 
able for treating ABCs, but warn of the risk of intra- 
cranial bleeding with this type of vascular lesion. Ar- 
terial embolization had failed to produce thrombo- 
sis, and the lesion could not be resected surgically. 
However, the patient treated with this technique had 
no extension of the tumor that contacted the optic 


-nerve. In our case, the tumor was adhering to the optic 


nerve, so this technique could not be used because it 
placed the optic nerve at risk. Preoperative thrombo- 
sis was used to reduce the intraoperative bleeding 
and make the operation smooth and safe. The parti- 
cles used were large enough to avoid any necrosis. 
Surgical excision is the treatment of choice for ABCs. 
Midline skull base lesions can be treated via a trans- 
cranial-transbasal approach, a transfacial approach, 
or an anterior craniofacial approach.!>-!7 


This is the first published case in which minimally 
invasive surgery was used to completely remove an 
ABC of the sphenoid bone. The treatment consisted 
of endoscopic transnasal excision, which provided 
good exposure of the sphenoid bone, sella turcica, op- 
tic nerves, pterygoid processes, and cavernous sinus. 
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TRANSNASAL TREATMENT OF CONGENITAL CHOANAL ATRESIA 
WITH THE KTP LASER 
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This retrospective analysis presents a minimally invasive method for a transnasal approach to treat bilateral and unilateral 
choanal atresia and stenosis in infants and children. We describe an advanced surgical technique that applies the use of a KTP laser 
and give recommendations for preoperative diagnosis and postoperative assessment. We report 13 cases of bilateral and unilateral 
choanal atresia or stenosis treated over a 3!/2-year period. We used a transnasal approach and endoscopic control. For bilateral 
choanal atresia, the operation was performed within the first few days of birth. For unilateral choanal atresia or stenosis, surgery was 
performed several weeks after birth. In all cases, an intranasal stent was inserted. Our findings demonstrate that this transnasal 
approach provides significant benefits. A primary advantage is the diminished risk of intraoperative or postoperative complications. 
Additional benefits include lower rates of re-obstruction and a decreased incidence of subsequent disease, including chronic secre- 


tory otitis media. 


KEY WORDS — congenital choanal atresia, congenital choanal stenosis, endonasal endoscopic surgery, KTP laser surgery, 


transnasal approach. 
INTRODUCTION 


Since Roeder’s first description of choanal atresia 
(Fig 1), made more than 200 years ago, various mech- 
anisms of evolution have been suggested to explain 
dorsal stenosis of the nose.! A dorsal stenosis occurs 
with the persistence or proliferation of epithelial em- 
bryonic cells leading to a complete occlusion of the 
choana. This condition is more often observed in 
combination with chromosomal aberrations and cra- 
niofacial abnormalities.*> 


Fraser® reported the incidence of unilateral choanal 
atresia as 5 times more frequent than bilateral. Of the 
unilateral cases, 90% involved bone, while the re- 
maining 10% were membranous. In a more recent 





Fig |. Transoral endoscopic view of unilateral choanal 


atresia. 
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publication, however, 29% were found to be bony, 
71% mixed, and 0% membranous. While dominant 
heredity is presumed, this relatively rare malforma- 
tion is described with a frequency rate of 0.82 per 
10,000 births (California Birth Monitoring Program), 
with a slightly higher proportion among whites.’ 


Complete, bilateral, bony atresia is characterized 
on a computed tomography scan as a triangular pos- 
terior vomer (Fig 2). Otherwise known as the "delta 
deformity," this malformation gives the nasal walls 
of the choana an hourglass appearance.° 
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Fig 2. Computed tomography scan shows “hourglass” 
shape and “delta deformity” (arrows) of choana. 
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In the newborn, an obligate nasal breather, bilat- 
eral congenital atresia becomes apparent with acute 
respiratory distress and cyanosis. Intubation is often 
necessary, as is an orogastral tube for feeding. Be- 
cause this nasal obstruction constrains swallowing 
and breathing concurrently, the situation emerges as 
an acute emergency requiring immediate attention. 
For unilateral atresia, a delayed operation can be rec- 
ommended. 


A range of surgical approaches, methods, and time- 
tables has been described in the literature.*7-!5 Pre- 
vious transpalatal and transmaxillary approaches have 
been replaced by more current transnasal, endonasal, 
or transseptal techniques, which conventionally em- 
ploy a chisel, drill, shaver, or microdebrider, as well 
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Fig 4. Intranasal silicone stent, which is open at front 
and back. 





Fig 3. KTP laser fiber with handpiece and 
30* angled nasal endoscope. 


as a selection of lasers. Surgical complications may 
involve lesions to the skull base with injury to the 
carotid artery, optic nerve, or abducens nerve. 


The purpose of this report is to introduce a unique, 
risk-reduced transnasal approach. We present an ad- 
vanced surgical technique that applies the use of a 
KTP laser and give recommendations for preopera- 
tive diagnosis and postoperative assessment. 


PATIENTS, MATERIAL, AND METHODS 


Patients. For bilateral choanal atresia or nasal 
breathing obstruction, stenosis surgery was per- 
formed within the first week of birth (n = 7). In pa- 
tients with unilateral atresia and/or stenosis, we tried 
to perform surgery within the first weeks or months 
of birth to avoid subsequent complications (see Ta- 
ble). We did, however, include 2 older patients, 3 and 
6 years of age, in this study. 


Preparation. To determine the exact location and 
extent of the atresia or stenosis, we performed a pre- 
operative axial computed tomography scan and en- 
donasal flexible endoscopy of both the nose and the 
choanal region. Indirect or flexible nasopharyngos- 
copy was then completed. To evaluate middle ear 
conditions, we performed otoscopy and tympanom- 
etry in all patients and took an additional radiograph 
of the paranasal sinus in the older children. 


Operative Procedure. All surgeries were performed 
under general anesthesia with oral intubation. In all 
13 cases, a KTP laser (model 80/40, Laserscope, San 
Jose, Calif) was employed with a 0.6-um fiber in a 
slim handpiece in contact mode. We used a setting 
of 3 to 5 W in continuous mode. The operation was 
performed under visual control of a 30* angled endo- 
scope (Fig 3) with a suction irrigation device (Wigand 
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Fig 5. Procedure. A) Intraoperative view of choana with working KTP laser. B) Postoperative situation. 


system, Wolf, Knittlingen, Germany). Throughout 
surgery, the nasopharynx was protected by wet cot- 
ton tissues for the absorption of penetrating laser en- 
ergy. As also applies to procedures performed endo- 
nasally, the advantage of the KTP laser is its wave- 
length, which enables the surgeon to cut the membra- 
nous and bony regions of the choanal atresia with 
simultaneous hemostasis. Under endoscopic control, 
the resection of the atresia or stenosis is extended to 
the intraluminal diameter of a reconstructed choana 
to guarantee a free nasal passage. 


Stent. For all patients, an intranasal silicone stent 
(Fig 4) was placed to allow nasal breathing, to main- 
tain the newly constructed lumen, and to avoid re- 
stenosis of the choana.?:!6 The stent was manufac- 
tured during the operation from a section of an ordi- 
nary silicone tracheal suction tube according to the 
individual size of each patient. For newborns and 
small infants, the stent size was about 4 mm. For 
these patients, the stent required a reserve in length 
for growth and had to be carefully placed to avoid 
trauma to the tissues of the nose, particularly the sep- 
tum and columella. In the older children, the diam- 
eter of the stent was about 7 to 8 mm. After the oper- 
ation and for the first few days, intraluminal suction 
and cleaning of the stent was necessary to avoid the 
occurrence of potential obstructions. Well tolerated 
by the infants and small children, the stent was typi- 
cally worn for 6 months after surgery. 


Control Investigations. After surgery, the parents 
of the patients were instructed to clean the stent and 
check its position. Every 6 weeks, the patients were 
submitted to nasopharyngoscopy. tympanometry, and 
an examination of the nasal airway while awake. If 
the stents maintained their correct position, we modi- 
fied them without exchange every few weeks to ac- 
commodate the growth of the child. At the end of 6 
months, the stent was removed through one side of 
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the nose without anesthesia. Transnasal, flexible en- 
doscopy should follow to evaluate the lumen of the 
choana. When there was evidence of either granula- 
tion or restenosis, a second surgery under general 
anesthesia was performed to remove this tissue from 
the choana. 
RESULTS 

Operative Procedure. We treated 13 patients exclu- 
sively by a unique transnasal approach. Of these 13 
patients, 7 were newborns with bilateral choanal atre- 
sia, and 6 had unilateral atresia: 2 newborns, a 1- 
month-old infant, a 3-month-old infant, and 2 chil- 
dren 3 and 6 years of age. All patients were treated 
with KTP laser surgery (Fig 5). As these patients ex- 
perienced no complications with wound healing, flaps 
for the choanal region were not necessary. As with 
an adenotomy, the tissues, particularly the mucosa, 
regenerated with spontaneous epithelialization be- 
tween 10 and 14 days of laser surgery. In all cases, 
there were no intraoperative complications and no 
postoperative bleeding. 


Stent. An intranasal stent was placed in each pa- 





Fig 6. Postoperative result in 1-year-old child. | year af- 
ter surgery. Transnasal view of right choana. 
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RECOMMENDED TIMETABLE FOR SURGERY 


Bilateral choanal atresia 
> First days after birth 
Bilateral choanal stenosis 


Unilateral choanal atresia . 
= First weeks after birth 
Unilateral choanal stenosis 


tient as described above. The 6-year-old child re- 
moved his stent after 5 months. Younger patients, 
including infants, tolerated the stent for 6 months 
without complication. Only 1 patient, a 3-year-old 
child, required revision surgery for enlarging the cho- 
ana. He had self-removed the stent 2 months after 
surgery, and granulation tissue and scars developed 
in the region of the choana. Revision surgery was 
completed after 16 months. One newborn, with a very 
rapid rate of growth, needed a larger stent every 2 


months. This child's stent was changed under gen- . 


eral anesthesia. Simultaneous endoscopy of the cho- 
ana showed no tendency to restenosis. On the basis 
of our experiences in tracheal surgery and surgery of 
the frontal sinus duct, 6 months seems to be an opti- 
mal time for stenting to avoid scarring and restenosis. 


Control Investigations. The follow-up was between 


6 months and 3!/2 years after the transnasal laser. 


operation (Fig 6). We often found the development 
of soft granulation tissue around the newly created 
choana and along the intranasal localization of the 
stent without functional stenosis. The granulation tis- 
sue could be easily removed without problems while 
the stent was changed as necessitated by the growth 
of the patients. Except for the above-noted case of 
revision operation, we could not perceive any reste- 
nosis. ; 
DISCUSSION 


A primary advantage of our procedure is the clear 
visualization it provides the surgeon as he or she ma- 


neuvers through the difficult and dangerous area near 
the skull base. With the unique combination of an 
endoscope and the KTP laser, the dose of laser en- 
ergy is optimized for simultaneously removing bone 
and performing hemostasis during surgery. As a re- 
sult, the risk of penetration into the skull base or the 
carotid canal is significantly reduced. As the relative- 
ly soft bone of the newborn is easy to treat, the natu- 
ral transnasal approach imposes no trauma to the sen- 
sitive facial structures of the small child. The suc- 
cess with our first 3 cases of infants with bilateral 
atresia led us to believe that surgery for unilateral 
choanal stenosis or atresia within the first weeks of 
birth was achievable (see Table). 


In summary, we have established an advanced yet 
relatively easy approach for a minimally invasive sur- 
gery for the treatment of bilateral and unilateral cho- 
anal atresia and stenosis. Although the technique has 
many advantages, the most significant is the dimin- 
ished risk of both intraoperative and postoperative 
complications. Furthermore, control investigations 
may be achieved under local anesthesia. This method 
minimizes, as well, the development of subsequent 
diseases, including chronic secretory otitis media, re- 
current or chronic otitis media, and paranasal sinus 
disease. During the follow-up, only 1 patient, with 
primary bilateral atresia, developed secretory otitis 
media, 2 years after atresia surgery. Adenotomy and 
paracenteses were performed. Surprisingly, 3 patients 
with bilateral atresia and 4 patients with unilateral 
atresia showed mucociliary problems on the origi- 
nal atretic side with mucus transport to the nasal 
opening, although they had wide choanas. The sub- 
stantially lowered rate of re-obstruction further en- 
dorses our technique.!-°.7-!7 Last, performing this 
operation when the patient is at an early age spares 
the patient and parents the social and physical diffi- 
culties often caused by the use of a stent. 
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EPIDERMAL INCLUSION CYST VERSUS THYROGLOSSAL DUCT 
CYST: SISTRUNK OR NOT? | 


DANIEL P. SULLIVAN, MD 


LISA A. LIBERATORE, MD 
JODI SASSOON, MD 


MAX M. APRIL, MD 
ROBERT F. WARD, MD 


NEW YORK, NEW YORK 


Epidermal inclusion cyst (EIC) is a recognized cause of an anterior neck mass in children. Controversy exists as to the proper 
surgical management of an anterior neck EIC: is simple excision adequate treatment, or is a Sistrunk procedure necessary? A retro- 
spective review of the operative logs of the two senior authors (M.M.A., R.EW.) from 1993 to the present revealed 16 children, ages 
6 months to 9 years (mean, 4.5 years), with a diagnosis of anterior neck EIC. An accurate intraoperative diagnosis of an EIC in all 
cases allowed for a simple excision of the mass rather than a Sistrunk procedure. The final histologic diagnosis was EIC in all 16 
patients. Follow-up of these 16 patients for a mean of 4.5 years revealed no recurrences or complications. When the diagnosis of EIC 
can be made confidently in the operating room, simple excision is an adequate surgical treatment. 


KEY WORDS — epidermal inclusion cyst, pediatric neck mass, thyroglossal duct cyst. 


INTRODUCTION 


A thyroglossal duct cyst (TDC) is the most com- 
mon midline neck mass in children, but an epider- 
mal inclusion cyst (EIC) is also frequently encoun- 
tered. Knight et al! studied 146 children with mid- 
line neck masses that were difficult to diagnose. Of 
these, 52% were TDCs, 26% were EICs, 16% were 
lymph nodes, 1.4% were ectopic thyroids, and in 5% 
no cause was identified. An EIC is a cyst lined with 
squamous epithelium and keratinaceous debris. Em- 
bryologically, it derives from ectoderm only. A der- 
moid, also called a cutaneous dermoid cyst, is simi- 
lar to an EIC, but it includes skin appendages such 
as hair, hair follicles, and sebaceous glands, which 
are mesodermal derivatives.” A teratoma or teratoid 
cyst contains components of all 3 embryological lay- 
ers and is very rare in the anterior part of the neck.?4 
The term “dermoid” is commonly used to describe 
both true dermoids and EICs. 


Although histologically different, an EIC and a der- 
moid of the anterior part of the neck are similar in 
their embryological development, and theirs can be 
contrasted to the embryological development of the 
TDC. This distinction is important because it forms 
the basis of the argument for different surgical treat- 
ment. The standard surgical approach for the TDC is 
the Sistrunk procedure, which includes excision of 
the central portion of the hyoid bone and a portion 
of the base of the tongue at the foramen cecum. 


Knight et al! argue that simple excision of an EIC 


1s adequate. The diagnosis must be made during the 
operation to ensure that the excised mass is an EIC 
and not a TDC. They recommend always bisecting 
the mass after it bas been removed from the patient 
to confirm thick cheesy material (keratin) indicative 
of an EIC. If mucinous material is found, a TDC is 
more likely and a Sistrunk procedure should be per- 
formed. DeMello et al? argue that it is frequently dif- 
ficult to make the diagnosis in the operating room. 
They report 6 cases in which histologic features of 
both an EIC and a TDC were found in the same speci- 
men. Thus, during the operation, a surgeon may per- 
form a simple excision on an EIC that also contains 
a TDC, increasing the chance of a recurrence. 


In this report, we examine the embryological ba- 
sis for using the Sistrunk procedure to treat a TDC 


or an EIC and seek to demonstrate the feasibility of 


simple excision in a select group of cases in which a 
confident diagnosis can be made. 


EMBRYOLOGY 


Embryologically, thyroglossal duct anomalies can ` 
be explained by understanding the development of 
the thyroid gland (Fig 1). During the fourth week of 
gestation, the thyroid anlage arises from an invagi- 
nation of the endodermal cells of the central floor of 
the pharynx, just below the tuberculum impar of the 
tongue (the junction between the anterior two thirds 
and the posterior one third of the tongue). This out- 
pouching enlarges caudally and extends through the 
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Fig 1. Illustration depicts embryological development of 
thyroglossal duct cyst. Closure of anterior neck midline 
results in thyroglossal duct tract extending from foramen 
cecum to pyramidal lobe of thyroid. 


mesodermal tissues. The foramen cecum lies anteri- 
or to the second branchial arch, and therefore, the 
thyroglossal duct tract runs vertically and anterior to 
the developing hyoid bone.’ The thyroid anlage as- 
sumes its final position anterior to the trachea by the 
end of the seventh fetal week, and the tract connect- 
ing it to the foramen cecum usually atrophies by 5 to 
10 fetal weeks. 


If this connecting tract persists, a thyroglossal tract 
is formed. As the hyoid bone develops, it rotates, 
thereby drawing the tract posteriorly and cranially 
at the inferior edge of the hyoid bone. The thyroglos- 
sal tract is attached to the undersurface of the hyoid 
bone and may continue to join the thyroid gland cau- 
dally. Ellis and van Nostrand’ used serial sections of 
adult and fetal larynges to determine the exact course 
of the thyroglossal tract in relation to the hyoid bone. 
They found that the thyroglossal duct is firmly at- 
tached to the central aspect of the hyoid bone anteri- 
orly (second branchial arch); then, inferiorly, it hooks 
under the sharp inferior border of the hyoid bone be- 
fore arching down anterior to the thyrohyoid mem- 
brane. On the basis of their findings, Ellis and van 
Nostrand conclude that although the thyroglossal duct 
does not course through the hyoid bone, it is still es- 
sential to remove a portion of hyoid bone to ensure 
that the entire tract is removed. 


The embryological explanations for the develop- 
ment of an EIC and of a dermoid in the anterior part 


Fig 2. Illustration depicts embryological development of 
epidermal inclusion cyst. Closure of anterior neck mid- 
line traps ectodermal elements in plane anterior to hyoid 
bone but beneath epidermis. 


of the neck may be similar.? Both a dermoid and an 
EIC may develop from trapping of ectoderm (and 
mesoderm, in the case of dermoids) at the time of 
midline fusion of the anterior part of the neck. Mc- 
Avoy and Zuckerbraun? showed that dermoids oc- 
cur along fusion lines of the first and second bran- 
chial arches. The development of a dermoid or an EIC 
does not involve tissue migrating over and around 
the hyoid bone; rather, it involves an entrapment of a 
pocket of tissue as fusion of the branchial arches oc- 
curs. Therefore, there is no embryological reason for 
hyoid resection (Fig 2). 


PATHOLOG Y 


Thyroglossal Duct Cysts. A TDC is usually mid- 
line and located immediately inferior to the hyoid 
bone, although sometimes it can be found in lingual, 
submental, suprahyoid, suprasternal, or mediastinal 
locations.!? It may be lined with stratified squamous 
epithelium when it arises high in the neck. When a 
TDC arises more inferiorly, it may be lined with epi- 
thelium resembling thyroid acinar epithelium. Cili- 
ated, columnar, and transitional epithelia are other 
possibilities.* Other histologic characteristics include 
an intense lymphocytic infiltration beneath the epi- 
thelial lining and a mucinous fluid with or without 
cholesterol crystals filling the cyst (Fig 3). Sade and 
Rosen!! showed that in the region of the foramen 
cecum, the main cyst may have multiple fingerlike 
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Fig 3. Histopathology of thyroglossal duct cyst. A) Low- 
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power view (original x40) of thyroglossal duct 


cyst cavity shows no keratin debris and simple epithelium. B) High-power view (original x200) of thyro- 
glossal duct cyst wall shows low cuboidal epithelium with rare cilia. 


cystic projections that make full excision difficult. 
Grossly, these fingerlike cysts can easily be mistaken 
for salivary glands at the base of the tongue. Although 
it has been theorized that the tract may become trapped 
within the hyoid body, Ellis and van Nostrand? have 
clearly demonstrated with histopathologic sections 
that this does not occur. Excised tissue contains thy- 
roid tissue in 35% of cases.* Thyroglossal carcinoma 
can occur within the thyroglossal duct remnant and 
has been reported in patients ranging from 6 to 81 
years old.'? 


Epidermal Inclusion Cysts and Dermoids. An EIC 
is a dermal cystic enclosure of keratinizing squamous 
epithelium that is filled with keratin debris (Fig 4).? 
A dermoid cyst also contains skin appendages origi- 
nating from its walls, including hair, hair follicles, 
and sebaceous glands, which are mesodermal deriva- 
tives.!5 A dermoid differs from a teratoma, which is 
a mass derived from multipotential germ cells that 
contains endodermal derivatives as well. A teratoma 
can contain skin, fat, gastrointestinal epithelium, pan- 
creas, and other tissue components foreign to the 
neck.? 


PATIENTS, METHODS, AND MATERIALS 


The operative logs of the two senior authors 
(M.M.A., R.F.W.) were reviewed to find cases of 


pathologically diagnosed EIC. In the past 6 years, 
from 1993 to the present, 16 patients were identi- 
fied. A retrospective chart review of the 16 patients 
with EICs was performed. The patients ranged in age 
from 6 months to 9 years (mean, 4.5 years). All had 
anterior neck masses that were histologically diag- 
nosed as EICs. 


The operative logs were also searched for any TDCs 
that were misdiagnosed as EICs by the surgeon, thus 
resulting in simple excision rather than a Sistrunk 
procedure. None were found for the past 6 years. 


RESULTS 


All 16 patients underwent simple excision on the 
basis of intraoperative findings. The intraoperative 
diagnosis was made by detecting a noncystic white 
mass unattached to the skin and superficial to the strap 
muscles. The masses were all separate and distinct 
from the hyoid bone. The cyst was cut open to con- 
firm white cheesy material before it was sent for per- 
manent pathological preparation. Simple excision was 
performed in all cases. The findings of frozen sec- 
tion biopsy were consistent with EIC in all cases in 
which it was performed (12/16). The final pathologi- 
cal diagnosis was EIC or dermoid in all 16 cases. All 
patients required minimal pain medication, started 
oral intake, and were discharged on the day of opera- 
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Fig 4. Histopathology of epidermal inclusion cyst. High- 
power view (original x200) shows stratified squamous 
epithelium with keratin debris within cyst. Note absence 
of skin appendages such as hair, hair follicles, or seba- 


ceous glands. 





tion. There were no postoperative complications. Fol- 
low-up of 4 months to 6 years, with a mean of 4.5 
years, reveals that all wounds have healed well and 
there have been no recurrences. 


DISCUSSION 


Thyroglossal duct cyst and EIC are both midline 
neck masses that typically present in children. It is 
difficult to differentiate the two solely on the basis 
of physical examination. The preoperative workup 
for anterior neck masses may include thyroid func- 
tion tests, thyroid ultrasound, or a radioactive iodine 
131 uptake scan. These are used primarily to rule out 
an ectopic thyroid mass, which may represent the 
only functioning thyroid tissue. The differential diag- 
nosis should also include viral or bacterial lymphade- 
nopathy, branchial cleft cyst, and sialadenitis, which, 
although they do not usually present as midline mass- 
es, can be confused with TDC.! 


A TDC and an EIC arise from different embryolog- 
ical processes. A TDC is derived from the tract that 
remains after the progenitor thyroid tissue migrates 
caudally from the foramen cecum over and under the 
hyoid bone to just below the cricoid cartilage. Sis- 


trunk!^ recognized that in order to ameliorate the 40% 
to 85% recurrence rate seen with simple excision of 
a TDC, it was necessary to remove the entire cyst 
along with the central portion of the hyoid bone and 
a cuff of foramen cecum in continuity with the tract. 
Sistrunk reported a recurrence rate of 4% to 896 with 
this approach. An EIC or a dermoid results from trap- 
ping of ectodermal (and mesodermal) elements dur- 
ing anterior neck fusion in the midline. Their devel- 
opment does not involve traveling over and around 
the hyoid bone as in TDC, and therefore, no embryo- 
logical rationale exists for performing a Sistrunk pro- 
cedure in these cases. 


Some authors have recommended expanding the 
indications for the Sistrunk procedure to include all 
anterior midline neck masses. Sade and Rosen!! 
showed that TDC specimens frequently contained 
multiple ducts connecting to the foramen cecum, and 
many had mucus-producing glands accompanying 
the thyroglossal duct. Failure to remove any part of 
the TDC, including these multiple ducts and mucous 
glands, results in recurrence. Hoffman and Schuster!» 
stressed the importance of thorough primary surgery 
for TDC, because they found that recurrence rates 
increased from 6% to 30% when the first operation 
was inadequate. Pelausa and Forte’ argue that intra- 
operative diagnosis is very difficult. They cite several 
cases in which misdiagnosis by the surgeon during 
operation led to inadequate surgery and recurrence. 
DeMello et al> report a case in which a specimen 
contained both an EIC and a TDC and also note sev- 
eral cases in which the specimen had histologic fea- 
tures of both an EIC and a TDC. Additionally, they 
found 9 EICs that were firmly attached to the hyoid 
bone. Because of the difficulty of making a defini- 
tive diagnosis during operation and because of fre- 
quent histologic variants, these authors suggest that 
all midline neck masses should be removed by the 
Sistrunk procedure to prevent unnecessary recur- 
rences. 


These authors also cite the relatively low rate of 
postoperative complications from a Sistrunk proce- 
dure compared with simple excision. The series of 
deMello et a? on 71 patients reported | tracheostomy 
performed after the operation for edema of the vallec- 
ula. Other possible complications include increased 
pain, swallowing difficulty, reduced oral intake, he- 
matoma, and seroma. Hence, the complications of 
the Sistrunk procedure, although infrequent, are more 
serious and more common than those of simple ex- 
cision. In our series of 16 simple excisions for EIC, 
none of these complications was seen. 


Knight et al! advocate cutting all midline neck 
masses in half before they are sent for permanent 
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pathological preparation. Of the 38 EICS in their se- 
ries, 9 were submitted to the Sistrunk procedure be- 
cause of difficulty with diagnosis. None of these 9 
were cut open in the operating room, however. Care 
must be taken not to rupture the cyst while it is still 
in the patient, as this may lead to increased recur- 
rence; instead, the cyst is opened after it is passed 
off the field as specimen. Knight et al argue that the 
Sistrunk procedure involves additional morbidity and 
is frequently unnecessary if full efforts are made dur- 
ing the procedure to arrive at a diagnosis. 


We have followed the recommendations of Knight 
et al.! With this approach, we have not found any 
recurrences after resection of an intraoperatively di- 
agnosed EIC. The children were spared the additional 
morbidity of the Sistrunk procedure, with possible 
swallowing difficulty, drain placement, and overnight 
admission to the hospital. It is important to note that 
none of the masses we removed were adherent to the 
hyoid or deep to the strap muscles. Both of these fac- 
tors considerably confuse the diagnosis. 


Brown and Judd's!9 review of 381 patients with 
TDCs revealed a recurrence rate of 6% (28/381); 61% 
(17/28) of the recurrences presented within the first 
month after removal. Mickel and Calcaterra!’ found 
that 90% of recurrences from incompletely excised 
TDCs present within the first postoperative year. 
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Thus, our follow-up range of 4 months to 6 years 
(mean, 4.5 years) should have detected the majority 
of recurrences. 


A midline neck cyst should always be opened in 
the operating room. Frozen sections can be exam- 
ined if the diagnosis is still unclear. If a diagnosis of 
EIC can be made confidently, simple excision should 
be performed. If, after making every attempt to ar- 
rive at a diagnosis, there is still doubt, a Sistrunk pro- 
cedure should be performed. 


CONCLUSION 


An EIC is a recognized cause of anterior neck 
masses in children. The EIC and the dermoid are em- 
bryologically distinct from the TDC. An EIC or der- 
moid may be diagnosed during removal as a white 
mass, deep to the skin, superficial to the strap mus- 
cles, and more solid than a TDC. We offer a modifi- 
cation to the dictum that all midline neck masses be 
uniformly removed by the Sistrunk procedure to avoid 
recurrence. In this series of 16 patients with EIC, 
simple excision resulted in less morbidity and no re- 
currences. Thus, when the surgeon can clearly diag- 
nose an EIC, we recommend simple excision for an 
EIC or a dermoid. For more complicated cases in 
which the diagnosis is uncertain, a Sistrunk proce- 
dure should be performed to avoid simply excising a 
mass that might be a TDC. 
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PEDIATRIC TRACHEOTOMY: IS POSTOPERATIVE CHEST X-RAY 
NECESSARY? 
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A retrospective study of 101 children who underwent tracheotomy at the Children’s Hospital of Pittsburgh from 1993 to 1996 
was performed. The following criteria were reviewed in each patient: age, gender, race, prematurity, weight during tracheotomy, 
presence of preoperative airway support, duration of tracheotomy, nature (emergent versus elective), tracheotomy tube size, reason 
for tracheotomy, accompanying medical diagnoses, chest x-ray (CXR) findings, surgical service, postoperative symptoms (up to 3 
days), and operative mortality rate. Of these criteria, our results show that CXR-screenable complications occurred in patients who 
underwent emergent recannulation, as well as those who exhibited ventilatory distress (oxygen saturation level of <90%) and spe- 
cific changes in postoperative symptoms. Pneumothorax developed after tracheotomy in 3 of the 101 patients; each had one of these 
risk factors. We conclude that CXR of all pediatric patients after tracheotomy may be unnecessary with the use of flexible endoscopy 
and screening restrictions that are both health-conscious and cost-effective. 


KEY WORDS — chest radiography, chest x-ray, child, tracheotomy. 


INTRODUCTION 


Tracheotomy is used for airway management in a 
variety of medical conditions. Initially, it was used 
as a last resort. The earliest procedures were limited 
primarily to adults. Because of its high mortality rate, 
many parents initially refused tracheotomy for their 
children.! Improved surgical technique and postop- 
erative care have led to decreased mortality rates.? 
The earliest pediatric application was to relieve air- 
way obstruction due to a foreign body or infection. 
Presently, tracheotomy is a widely accepted and rela- 
tively safe operation. Consequently, its use in chil- 
dren has increased significantly.?? 


As with any operation, tracheotomy is not with- 
out complications. Table 1 lists the potential compli- 
cations of tracheotomy in infants and children and 
identifies those that can be diagnosed by chest x-ray 
(CXR). A subset of these complications (pneumo- 
thorax, pneumomediastinum, and subcutaneous em- 
physema) is believed to occur more commonly in 
children. Anatomic differences between adults and 
children may, in part, be responsible for this. For ex- 


ample, the lung apices may extend into the neck more - 


often in children than adults, leaving them more vul- 


. nerableto injury and resultant pneumothorax and sub- 


cutaneous emphysema. 


Fortunately, clinical experience, cautious observa- 


tion, CXR, and now, flexible endoscopy can be used 
to detect and manage these complications.!° Chest 
radiography is often recommended in children after 
tracheotomy to rule out postoperative complications. 
The disadvantages of CXR include expense and radia- 
tion exposure. In an era of cost-conscious health care 
delivery, expense must be considered when ordering 
tests. The purpose of this study was to determine the 
need for routine CXR after tracheotomy in children. 


^ 


TABLE 1. EARLY COMPLICATIONS OF 
TRACHEOTOMY AND DETECTABILITY BY CHEST 


X-RAY 
Detectable by Chest 
Complication X-ray 
Hemorrhage No* 
Pneumothorax  : Yes 
Pneumomediastinum Yes 
Tracheoesophageal fistula No 
Recurrent laryngeal nerve injury No 
Cardiopulmonary arrest l No 
Wound infection No 
Subcutaneous emphysema Yes 
Tube obstruction No* 
Tube displacement j l Yes 
Swallowing problems , No 


*May be detected by chest x-ray, but not necessarily specific diag- 
nosis. (Hemorrhage in lung may look like pneumonia, infiltrate, or 
pleural effusion. Tube obstruction leads to collapse, atelectasis, or 
hemothorax.) 
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TABLE 2. DIAGNOSES OF PEDIATRIC PATIENTS WHO UNDERWENT TRACHEOTOMY 


Reason for Tracheotomy Broad Diagnosis 


Upper airway obstruction Congenital 


Degenerative; idiopathic 
Infection 


Neoplasia 


Trauma 


Pulmonary toilet; assisted 


ventilation Congenital 


Degenerative; idiopathic 


Metabolic 


Neoplasia 
Trauma 


Specific Diagnosis 
Bilateral-choanal atresia 
Laryngeal cleft 
Laryngeal web 
Laryngomalacia 
Micrognathia 
Pierre Robin anomaly 
Subglottic stenosis 
Vocal cord paralysis 
Laryngotracheitis (croup) 
Granular cell tumor 
Laryngeal papillomatosis 
Lymphangioma 
Neurofibroma 
Subglottic hemangioma 
Subglottic (post-transplant lymphoproliferative disease) 
Laryngeal edema 


Severe kyphoscoliosis; restrictive lung disease 
Adjunct to craniofacial surgery 

Esophageal atresia due to tracheoesophageal fistula 
Congenital heart disease 

Hypoplastic lung due to diaphragmatic hernia 

Central nervous system devastation (microcephaly) 
Failure to thrive 

Central nervous system failure; cerebral palsy 

Central nervous system failure; seizures of unknown cause 
Respiratory arrest 

Neuromuscular failure (Duchenne’s muscular dystrophy) 
Respiratory distress syndrome (metabolic) 
Cystic fibrosis 

Brain neoplasm 

Head trauma (shaken baby syndrome) 


No. of 
Patients 


A= ~u] eS pe 


— 
e, 


Bh M U 2 - S B QN BÓ 


METHODS 


The medical records of 101 children who under- 
went tracheotomy from 1993 through 1996 at the 
Children's Hospital of Pittsburgh were reviewed. The 
procedures were performed by an otolaryngology 


staff surgeon or under his or her immediate supervi- : 


sion. À postoperative portable anterior-posterior ra- 
diograph was obtained for each patient. Age, gender, 
race, prematurity, weight during tracheotomy, pres- 
ence of preoperative airway support, duration of tra- 
cheotomy, nature (emergent versus elective), tra- 
cheotomy tube size, reason for tracheotomy, accom- 
panying medical diagnoses, CXR findings, surgical 
service, postoperative symptoms (up to 3 days), and 
operative mortality data were recorded. 


RESULTS 


One hundred one pediatric patient records were 
reviewed through the fourth postoperative day. Forty- 
four patients were male, and 57 were female. The 
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patients ranged in age from 0 to 22 years (mean, 4.36 
years; SD, 5.94 years; SE, 0.59 years). The patients’ 
weights ranged from 1.4 to 91 kg (mean, 16.58 kg; 
SD, 19.12 kg; SE, 1.90 kg). Four patients weighed 
less than 2 kg and had no postoperative complica- 
tions. The duration of the procedure, including any 
other procedures performed in conjunction with the 
tracheotomy, such as endoscopy, averaged 1.8 hours 
(SD, 1.90 hours; SE, 0.19 hours). Nineteen of the 
101 patients had been born prematurely; pneumome- 
diastinum developed in 2 after the operation. Trache- 
otomy was performed electively in 94 patients and 
emergently in 7 patients, 1 of whom had a pneumo- 
mediastinum before operation. No patients died in 
the perioperative period or up to 4.days after under- 
going operation. Six of the 101 patients had postop- 
erative complications that were diagnosed by CXR. 
Two had pneumothorax, 3 had pneumomediastinum, 
and 1 had both. Five patients were not intubated; none 
of them had complications. There were no statisti- 
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TABLE 3. SIGNS AND SYMPTOMS OF 
PNEUMOTHORAX 


Signs Symptoms 
Respiratory distress 
Decreased chest wall motion 


Chest pain (initially sharp 
and pleuritic, then dull and 


(on affected side) constant) 
Subcutaneous emphysemato Dyspnea 

palpation Tachypnea 
Tracheal deviation (away from Orthopnea 

affected side) Nonproductive cough 
Hyperresonance on percussion Hemoptysis 
Decreased fremitus 


Pleural rub 
Decreased or absent breath ie NE 
sounds on auscultation 


Pleural rub 
Tachycardia 


cally significant relationships between postoperative 
complications and sex, age, weight, procedure length, 
prematurity, or the nature of the procedure. All 6 com- 
plications were in patients with diagnoses of upper 
airway obstruction, as opposed to ventilator depen- 
dence. These data are summarized in Table 2. 


DISCUSSION 


Cost-effective health care delivery is a priority for 
clinicians. The challenge is to achieve it without com- 
promising patient care. Omission of unnecessary tests 
is one way to decrease costs. As a result, the role of 
routine postoperative CXR has come into question. 
A study by Barlow et al!? examined the cost-effec- 
tiveness of CXR after tracheotomy in adults. This 
study concluded that limiting CXR to patients with 
certain risk factors and clinical evidence of pneumo- 
thorax can result in a significant savings. One risk 
factor identified in that study was tracheotomy in 
children. This risk factor was identified on the basis 
of conventional practice; however, the study did not 
include patients younger than 19 years of age. The 
question in children, therefore, remains unanswered. 


In the past, the mortality rate in pediatric patients 
with tracheotomies was reported to be as high as 
40%.' The reported death rates directly attributable 
to tracheotomy, however, range from 0% to 3.4%. 
Further, the number of perioperative deaths from com- 
plications of tracheotomy that may be diagnosed by 


CXR is extremely small. For example, Dutton et al!! 


reported a tracheotomy-related mortality rate of 1.4%. 
In 286 pediatric tracheotomy patients reviewed, 4 
deaths occurred and were caused by accidental decan- 
nulation, tracheotomy tube plugging, or vascular hem- 
orrhage, all of which developed after standard post- 
tracheotomy CXR. Ward et al!? reported 5 deaths of 
intraoperative or postoperative complications in 103 
children. No deaths resulted from tracheotomy in this 
series. 


Only a small subset of complications.of tracheot- 
omy can be screened for by postoperative CXR: For 
example, in the study by Ward et al,!? the overall. com- 
plication rate was 36%, whereas the rate of compli- 
cations that can be screened for by CXR was 2%. 
We examined complications that can be identified 
by CXR after operation (pneumothorax, pneumome- 
diastinum, subcutaneous emphysema, and tube dis- 
placement). In this study, we found that CXR identi- 
fied complications in 646 of children, and all of these 
were clinically obvious: 2 patients with pneumotho- 
rax, 3 with pneumomediastinum, and 1 with both. Fur- 
ther, an even smaller subset of postoperative pneu- 
mothoraces occur before CXR screening. The litera- 
ture suggests that some cases of pneumothorax oc- 
cur well after both the operation and postoperative 
CXR, during episodes of emergent recannulation.? 


Complications diagnosable by CXR include pneu- 
mothorax, pneumomediastinum, subcutaneous em- 
physema, and tube displacement. Routine CXR 
screening for these is often irrelevant and has little 
impact on treatment decisions. Improper tube place- 
ment is a rare complication, and with the advent of 
smaller-caliber flexible fiberoptic endoscopes, proper 
tube placement can most often be confirmed during 
the procedure. In a study of 996 tracheotomy proce- 
dures, Futran et al!^ reported only 1 intraoperative 
complication: tube displacement through the poste- 
rior tracheal wall that was identified and corrected 
during the procedure. Other complications, such as 
subcutaneous emphysema and pneumomediastinum, 
can most often be treated conservatively with care- 
ful observation.!? Indeed, airflow restriction caused 
by a pneumomediastinum can enhance the develop- 
ment of a tension pneumothorax, and CXR detec- 
tion of a pneumomediastinum may heighten a clini- 
cian's concern over a new-onset pneumothorax. The 
symptoms that accompany pneumothorax, however, 
should alone lead a clinician to proceed with the same 
workup regardless of a preexisting pneumomediasti- 
num. This was our experience in this study. It seems, 
therefore, that screening with postoperative CXR 
may only have a significant impact in cases of pneu- 
mothorax, with a lesser impact on pneumomediasti- 
num. 


Is routine postoperative CXR necessary to detect 
pneumothoraces caused by tracheotomy? As stated 
above, only a small percentage of pneumothoraces 
occur during operation. Considering that iatrogenic 
pneumothoraces may develop up to 24 hours after 
the procedure, one may question the utility of im- 
mediate postoperative CXR.!® The risk of pneu- 
mothoraces' developing after tracheotomy increases 
even further in the significant number of patients who 
undergo artificial ventilation. Patients with mechani- 
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cal ventilation have a 596 overall incidence of pneu- 
mothorax, which increases to 35% with the coex- 
istence of inflammatory pulmonary disease.19 Under 
this circumstance, pneumothorax fails to develop 
before routine postoperative CXR and must be iden- 
tified later through corresponding changes in signs 
and symptoms, which are usually obvious on exam- 
ination. Considering the broad span of time in which 
tracheotomy-related pneumothoraces can develop, 
we think that individual CXR screening based on 
physical examination and clinical suspicion is a more 
accurate and useful method than routine screening 
of all patients. 


Certainly, there are instances in which post-tra- 
cheotomy CXR is appropriate. It is indicated after 
pediatric tracheotomy when the patient shows clini- 
cal evidence of a preexisting pneumothorax or has 
any risk factors that would predispose him or her to 
a new pneumothorax. Table 3 lists the postoperative 
signs and symptoms of pneumothorax. This study 
failed to confirm additional risk factors suggested 
by the literature to be associated with increased risk 
for pneumothorax: emergent tracheotomy, prematur- 
ity, and weight less than 2 kg. In addition, at least 2 
cases of postoperative pneumothorax in pediatric pa- 
tients with laryngeal papillomatosis have been re- 
ported. !12 Patients with pulmonary nodules second- 
ary to papillomatosis are more prone to pneumotho- 
rax. This is an independent variable and remains sepa- 
rate from the issue of tracheotomy. This study in- 


cluded 1 patient with laryngeal papillomatosis in 
whom pneumothorax did not develop. 


Our sample size was too small to evaluate which 
patients should undergo CXR screening after trache- 
otomy. Our complications occurred in children who 
had emergent recannulation, ventilatory difficulty 
(oxygen saturation level of <90%), or signs or symp- 
toms of respiratory distress. The decision of when to 
obtain postoperative CXR must be left to individual 
clinical judgment. 


CONCLUSION 


Since the advent of artificial ventilation in the 
1960s, the number of tracheotomy procedures per- 
formed in children has increased; therefore, one must 
take a closer look at the costs incurred. 1” Flexible en- 
doscopy permits visualization of the tracheotomy tube 
position during the procedure, negating the need to 
confirm the tube position by CXR. Only 3 of 101 pa- 
tients required treatment on the basis of CXR find- 
ings, and these patients had clear signs and symp- 
toms of pneumothorax. This study suggests that rou- 
tine CXR screening after tracheotomy may be unnec- 
essary, and omitting it would result in a significant 
cost savings. With good clinical observation and judg- 
ment, CXR screening may be reserved for infants 
and children who are at increased risk according to 
the clinical observation and individual judgment of 
an experienced otolaryngologist. 
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CONCURRENT GLOTTIC AND TRACHEAL STENOSES: RESTORATION 
OF AIRWAY CONTINUITY IN END-STAGE MALIGNANT DISEASE 
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Six patients known to have inoperable esophageal carcinoma presented with stridor due to both malignant tracheal stenosis (with 
additional respiratory-digestive tract fistula in 2 patients) and bilateral vocal cord paralysis. Patency was restored by endotracheal 
stenting plus unilateral cordotomy. Four patients had immediate relief. Two patients required enlargement of the vocal cord incision. 
One of them declined reoperation and underwent tracheostomy. The stent function was uneventful, with no dislodgment or mucus 
impaction. The fistula seal was complete, with no aspiration through the newly shaped glottic orifice. The peak expiratory flow 
increased from 24.4% + 9.7% of predicted normal before the procedure to 40.5% + 13.7% after the procedure. Restoration of airway 
continuity in serial laryngotracheal stenoses by a combined approach is a feasible technique in end-stage cancer patients. It effec- 
tively relieves respiratory distress and ensures voice preservation. In addition, it may avoid the risks of tracheotomy. 


KEY WORDS — malignant airway obstruction, tracheal stenting, unilateral laser cordotomy. 


INTRODUCTION 


Acute onset of respiratory distress or gradually 
worsening dyspnea in patients with known esopha- 
geal cancer is often due to high-grade tracheal ste- 
nosis caused by the invading malignancy. It may also 
reflect bilateral vocal cord paralysis (BVCP).! Not 
infrequently, the vocal cord lesion precedes or suc- 
ceeds the tracheal occlusion by a short delay. Every 
now and then, however, both the glottis and the tra- 
chea are severely obstructed at the same time. Be- 
cause in this case the relative contribution of either 
site to the increased airflow resistance is difficult to 
assess,? both obstructions need urgent treatment. 


Airway stenting has become an established pallia- 
tive endoscopic measure for restoration of sustained 
patency in malignant tracheobronchial obstruction. 
The current literature underscores that prompt symp- 
tomatic and functional improvement is brought about 
by all available endoprostheses.? Early and late com- 
plications are minimal and, if present, are easy to over- 
come. There is virtually no incidence of procedure- 
related mortality, and median survival times of up to 
10.5 months have been documented.^ 


Bilateral vocal cord paralysis in the paramedian 
position after thyroid gland surgery is now being 
treated successfully with the use of laser-assisted mi- 
crolaryngoscopic interventions.>-!! In particular, la- 
ser cordotomy seems to be favorable for the therapy 
of this complication.!? The incidence of associated 
morbidity is usually low, and temporary tracheosto- 


my is no longer required. 


Hitherto, no data have been published on cordot- 
omy in conjunction with central airway stenting for 
the management of concomitant glottic and tracheo- 
bronchial stenoses in oncology patients. Therefore, 
this retrospective study seeks to evaluate the surgi- 
cal technique, feasibility, complication rate, and ef- 
ficiency of acombined laryngobronchologic approach 
for the symptomatic relief of concomitant central air- 
way stenoses in 6 patients with locally advanced 
esophageal carcinoma. To ease the patients' symp- 
toms and to preserve their voice, we undertook la- 
ser-assisted unilateral cordotomy and endoscopic tu- 
mor coring followed by the insertion of stents in 2 
subsequent sessions. We believe that in this particu- 
lar group of individuals with tumors, restoration of 
the normal airway passage is superior to bypassing 
it by a tracheostomy, which is a different and, it may 
seem, more straightforward way to circumvent the 
obstacle.! But, given malignant tissue growth adja- 
cent to the larynx and trachea, tracheostomy 1s li- 
able to cause complications in the form of delayed 
wound closure and subsequent relapsing local infec- 
tion. Also, permanent tracheal cannulation may be 
an additional cause of life-threatening mucus impac- 
tion and asphyxiation. 


CASE REPORTS 


Case 1: À 50-year-old woman presented in whom 
esophageal cancer had first been diagnosed in March 
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PATIENT CHARACTERISTICS AND CLINICAL AND FUNCTIONAL DATA m 
Patient PEF PIF 

No. Sea Age (y) ID Pretreatment AcPro Tracheal Lesion Before After Before After Survival 
| | 50 3/97 = ROS, RC 5/98 Comp, infiltr 0.77 (12.2) 2.06 (32.7) 0.71 1.25  2mo 
2 M 50 5/96 RC.B.S 4/98 Comp 2.10 (20.5) 2.60* (25.4) 0.95 1.92* Imo 
3 M 52 4/98 None 6/98 Comp 1.91 (21.4) 3.54 (39.5) LOS LOD LIF 
4 | 64 9/95 S.RC 5/99 Comp, infiltr 2.25 (36.4) 3.33 (54.1) 1.91 1.89 2.5 mo 
5 M 67 6/98 RC 4/99 Fist, comp 1.70(20.0) 2.51 (30.5) 0.81 0.86 2 mo 
6 M 73 10/98 RC.B 8/99 Fist, comp 3.63(36.0) 4.75 (60.0) 1.25 1.68 Alive after 


Means + SD of 6 patients: PEF before, 2.06 + 0.93 L/s: PEF after, 3.13 + 0.96 L/s 


2 mo 


; PEF% (percentage of predicted value,'® in parentheses) 


before, 24.4 + 9.7; PEF% after. 40.5 + 13.7; PIF before, 1.11 + 0.43 L/s; PIF after, 1.44 + 0.46 L/s. 


[D — time of initial diagnosis (mo/y); RC 
y) comp — 


values in L/s; percentages of predicted values!^ are in parentheses): PIF 


to follow-up (after | mo). 


radiochemotherapy: S — surgery; B — brachytherapy; AcPro — time of actual procedure (mo/ 
compression; infiltr — infiltration; fist — fistula; PEF — peak expiratory flow ("before" and "after" double intervention: absolute 


peak inspiratory flow (no reference values available); LTF — lost 


“Preoperative spirometry in this patient was performed after stent insertion but before cordotomy. 


1997 as stage T3NOMO.'? After 2 courses of radio- 
chemotherapy, transthoracic esophagectomy was per- 
formed in September 1997. A third course of radio- 
chemotherapy followed in December 1997. In May 
| 998, she presented to the bronchology unit in respi- 
ratory distress and stridor. Bronchoscopy showed 
BVCP in addition to high-grade rigid compression 
of the distal trachea (residual lumen, 3 to 5 mm) with 
substantial malignant infiltration of the carina. Treat- 
ment consisted of stent insertion plus right-sided la- 
ser cordotomy. The bifurcated silicone-hybrid stent 
that would have seemed most suitable!? could not be 
passed through the narrowed tracheal segment. Even 
dilation with a rigid bronchoscope was only partly 
successful. Further bougienage was thought to be 
quite risky because of imminent tracheal rupture. 
Therefore, 2 nested 12-mm Palmaz stents!? (Cordis 


GmbH, Haan, Germany) were chosen because of their 
maximal resistance to compressive forces and their 


elegant insertion technique using a thin catheter as a 
carrier. The next day, posterior laser cordotomy was 
performed. The patient showed immediate symptom- 
atic and functional improvement (see Table!^ and Fig 


|). She died of cachexia and pneumonia secondary 
to metastatic lung disease 2 months later. 


Case 2. A 50-year-old man had esophageal carci- 
noma, stage T3NOMO, that had been known since 
May 1996. Radiochemotherapy had been performed, 
applying a total dose of 56 Gy in addition to 5-fluo- 
rouracil and cisplatin. A subsequent course of esopha- 
geal brachytherapy was reported. In January 1997, 
the patient underwent surgical resection. In April 
1998, he presented with dyspnea that had rapidly pro- 
gressed over 2 weeks. Because of the emergency in- 
tervention, no lung function test could be performed 
at baseline. Bronchoscopy showed impaired motility 
of both vocal cords, but no complete paralysis in a 
paramedian position. There was, however, high-grade 
compression of the trachea over its whole length (re- 
sidual lumen, 2 to 4 mm). On April 17, 1998, a 13- 
mm bifurcated Dynamic stent (Willy Rüsch AG, Ker- 
nen, Germany) was placed. Because of tracheal dis- 
tortion, proper stent positioning proved quite difficult. 
On the fifth postoperative day, stridor reappeared. 
Bronchoscopy revealed that the vocal cords were now 





Fig 1. (Case 1) A) Glottis | month after unilateral cordotomy. B) Distal trachea with open-mesh Palmaz stent. 
View of carina. C) Midtrachea. Stent mesh is within necrotic infiltrated mucosa. 
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Fig 2. (Case 3) A) Glottis 2 days after cordotomy: note edema of resection wound. B) Subglottic level. Trace of 
resection wound is visible. Proximal stent border is seen in background behind cricoid. C) Proximal circumferenc 
of Dynamic stent. 


in a paramedian position. Left-sided posterior cordot- 
omy was performed at once (April 22, 1998) and led 
to definitive respiratory improvement. The patient 
died 1 month later of fatal hemorrhage caused by 
malignant destruction of the vascular wall (see Table). 


Case 3. A 55-year-old man had received a diagno- 
sis of esophageal cancer in April 1998, staged as in- 
operable T4N2MO cancer. He presented with swal- 
lowing difficulties, dyspnea, and stridor on May 1, 
1998. Bronchoscopy revealed BVCP and compres- 
sive stenosis of the distal trachea. The orifices of both 
main bronchi were involved in the stenosis. Left- 
sided posterior cordotomy was performed on June 7, 
[998, and placement of a bifurcated Dynamic 13- 
mm stent followed 1 week later. The tumor-induced 
esophageal obstruction was effectively treated by bal- 
loon dilation. The patient improved, but after | month 
he was lost to follow-up (see Table and Fig 2). 


Case 4. A 64-year-old woman presented who had 
received a diagnosis of esophageal cancer in Septem- 
ber 1995 (pTIpNOMO). Surgical resection had been 
performed, but postoperative chemotherapy had been 
declined by the patient. In July 1998, local tumor re- 


Fig 3. (Case 4) A) Glottis subsequent 
to enlarged unilateral resection. B) Two 
overlapping tracheal Polyflex stents. 


lapse in conjunction with tracheal infiltration necessi 
tated 6 courses of radiochemotherapy. Since February 
1999, progressive tumor growth with concomitant 
gradually deteriorating dyspnea at rest had been re- 
ported. In May 1999, when stridor appeared, bron- 
choscopy revealed BVCP plus 60% midtracheal com- 
pression and mucosal infiltration. The stenotic seg: 
ment was approximately 3 cm long. On May 18, 1999, 
2 serial nested Polyflex stents!’ (Willy Rüsch AG) 
were implanted. Right unilateral posterior cordotomy 
was performed on the following day. Although the 
tracheal stent had been placed uneventfully and was 
functioning with no mucus impaction whatsoever, 
formation of massive fibrin deposits on the cordot 
omy wound resulted in secondary stenosis; therefore. 
the patient's dyspnea did not improve substantially. 
Bronchoscopic suction and removal of the material 
by flexible forceps was necessary every other day. 
Because no real breakthrough to norma 
was achieved, we decided to perform subtotal cordec 
tomy with preservation of the anterior third of the 
vocal cord on May 21, 1999, The patient's dyspnea 
was relieved. She died on August 2, 1999, of hemor 
rhage (see Table and Fig 3). 





respiration 
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Case. 5. A 67-year old man had received a diag- 
nosis of esophageal cancer (stage T3NOMO) in June 
1998. Subsequently, radiochemotherapy had been ap- 
plied, and an endogastric catheter was advanced be- 
cause of intractable high-grade esophageal stenosis 
at the level of the cervicothoracic transition. The pa- 
tient complained of increasing dyspnea and relapsing 
purulent bronchitis. Flexible bronchoscopy showed 
BVCP with the vocal cords in a paramedian position. 
In addition, a subcricoid posterior tracheal compres- 
sion accompanied by a 60% luminal decrease was 
visible. Distal to that stenosis, there was a large (7 
cm) tracheoesophageal fistula. In order to seal the 
fistula and dilate the tracheal stenosis, we inserted a 
Polyflex stent. Later, a left posterior cordotomy was 
undertaken (May 11, 1999). Respiratory improve- 
ment ensued, but was short-lived because of vocal 
cord edema in conjunction with a relatively narrow 
glottic entrance. The stent function remained excel- 
lent. Because the patient refused further surgery at 
the level of the glottis, tracheostomy and intubation 
were undertaken after stent removal. The patient left 
the hospital in good respiratory condition. He died 
at home. His reported symptoms were consistent with 
asphyxia subsequent to mucus impaction of the tra- 
cheostomy tube (see Table). 


Case 6. A 73-year-old man had a striking medical 
history of arterial hypertension, 2 ischemic cerebral 
infarcts, laryngeal carcinoma, and subsequent radio- 
chemotherapy. He had received a diagnosis of inop- 
erable esophageal carcinoma T3N1M 1 (cerebral) in 
October 1998. Radiochemotherapy led.to partial re- 
mission. Relapsing local malignancy was treated with 
brachytherapy and the additional placement of an 
esophageal stent. Endoscopic control in August 1999 
demonstrated a midtracheal respiratory-digestive tract 
fistula 2 cm long. The esophageal stent was visible 
within the orifice of the fistula. Tumor tissue over- 
growth resulted in secondary stenosis of the esopha- 
gus and moderate compression of the tracheal lumen. 
There was near-complete BVCP with minor residual 
vocal cord motility. The initial presentation was with 
hoarseness, but without: significant dyspnea at rest. 
Polyflex stent placement for fistula seal was per- 


formed on August 18, 1999. Within the subsequent 
2-weeks, complete paralysis of the vocal cords in a 


paramedian position developed. Acute stridor was 


‘the presenting symptom. Right-sided posterior cor- 
-dotomy was then performed, resulting in good respi- 


ratory function and fistula seal. The patient was still 


- "alive and in good respiratory condition 2 months after 


the "— intervention (see Table). 


. . SUMMARY OF FINDINGS 
~The n ois of patients had undergone prior treat- 


ment consisting of surgery, palliative radiochemo- 
therapy, or both. They now presented with far-ad- 
vanced, incurable local tumor growth, and all of them 


. deliberately chose to undergo the combined laryngo- 


bronchoscopic approach instead of tracheostomy. 
Their main reason was voice preservation. 


Four patients had simultaneous complete BVCP 
and tracheal obstruction, and 2 more had tracheal ste- 
nosis and fistula and incomplete B VCP at first presen- 
tation. However, complete paralysis associated with 
a paramedian cord position developed within 2 weeks 
of endotracheal stenting. This was signaled by stridor 
reappearing after transient relief. Given the initial 
glottic aspect, which was one of immotile cords stand- 
ing somewhat apart, we think that complete paralysis 
was the result of progressing tumor growth and by 
no means an adverse effect of the rigid bronchoscopy 
that had been necessary for stent placement. 


The stent function proved satisfactory and un- 
eventful. There was no dislodgment, mucus impac- 
tion, or major granulation. The fistula seal was effec- 
tive. Aspiration subsequent to cordotomy was not 
noticed in any of the patients. All could resume their 
normal diet on the first day after surgery. Two patients 
were thought to require surgical revision of the larynx 
either because of secondary obstruction by fibrin de- 
posits on the cordotomy wound or because the inci- 
sion was too small. In 1 patient, the debris was re- 
moved by repeated bronchoscopies, and a more ex- 
tended (subtotal) cordectomy was carried out there- 
after. The further healing process was uncomplicated, 
and the final respiratory and phonatory results were 
good. The other patient declined repeat cordectomy. 
He underwent tracheostomy and died at home after 
a short period of relief. 


Preoperative and postoperative spirometry was 
performed with standard equipment (MasterLab, Já- 
ger, Würzburg, Germany). Normal values were de- 
rived from a report by Quanjer.!ó The mean best peak 
expiratory flow (PEF), including tests of patient 5 be- 
fore tracheostomy, increased from 24.496 of the pre- 
dicted normal béfore the procedure to 40.5% after- 
ward. The mean best peak inspiratory flow (PIF) did 
not show any substantial change from 1.11 L/s to 1.44 
L/s, although 3 of 6 patients improved slightly (see 


(Table and Fig 4). Some mentioned minor expectora- 


tion difficulties and shortness of breath while climb- 
ing stairs, but except for patient 5, they experienced 
respiratory improvement. They could speak clearly, 
though in a whispering tone. Two patients died of 
fatal hemorrhage. The duration of survival attained 
by the deceased patients was 1 to 2.5 months. 


DISCUSSION 
Bilateral vocal cord paralysis is potentially life-threat- 
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Fig 4. Test data from before and after endoscopic microsurgical procedure. A) Peak expiratory flow (PEF). B) Peak inspiratory 


flow (PIF). Symbols denote individual patients. 


ening and requires some kind of surgical intervention 
to prevent acute asphyxiation. It sometimes develops 
during the natural course of esophageal carcinoma and 
may then significantly contribute to these patients’ mor- 
bidity. If recognized in time, such glottic stenoses can 
now be treated with minimally invasive endoscopic pro- 
cedures. The patients in the present series underwent 
unilateral posterior cordotomy according to the meth- 
od of Dennis and Kashima.’ A surgical CO2 laser was 
used coupled to an operating microscope. All patients 
were intubated transorally for surgery. In manipulat- 
ing the tube, care was taken not to dislodge previously 
inserted tracheal stents. The procedure included tran- 
section of the vocal process of the arytenoid cartilage, 
followed by resection of a minor portion of the pos- 
terior part of the vocalis muscle and the lateral thyro- 
arytenoid muscle. As described by Ossoff et a1,9 the 
conus elasticus was carefully transected from the vo- 
cal process of the arytenoid cartilage down to the inner 
surface of the cricoid cartilage. The anterior portion 
of the vocal cord, however, was not included in the 
resection, because its removal would have contributed 
little to the desired airway enlargement. Extubation 
was performed 30 to 60 minutes after the end of the 
intervention. No patient had a tracheotomy at the time 
of surgery or during the postoperative recovery pe- 
riod. In the long run, unilateral posterior cordectomy 
was successful for 4 patients, but required enlarge- 
ment in 2 because of continuing breathlessness. In a 
recent analysis of 25 patients who underwent unilat- 
eral or bilateral laser cordotomy, Laccourreye et al!8 
also found insufficient airway restoration after the 
unilateral approach. Eight of 15 such patients needed 
revision, whereas all bilateral procedures were imme- 
diately successful. 


As might have been expected, the findings of lung 
function tests performed after the interventions were 
far from normal. Although the PEF results were with- 
in the realm of postcordectomy values reported in a 


previous article,!^ PIF was essentially unchanged. 
This finding may be best explained by the patients’ 
poor physical condition, rather than as a reflection of 
insufficient inspiratory glottic patency, because PIF 
depends on respiratory muscle strength and motiva- 
tion more than PEF does. Eventually, the leading cen- 
tral resistance became the “new” vocal cords, because 
voice preservation requires a certain degree of glottic 
closure. The stented trachea no longer contributed to 
residual obstruction. It is true that any surgical widen- 
ing of the glottis for the treatment of BVCP trades 
voice for airway. A related problem is the potential 
risk of aspiration after surgical procedures on the 
larynx for glottic airway rehabilitation. This risk is 
of particular concern in patients with coexisting tra- 
cheal, pulmonary, or cardiac disease and may lead to 
severe aspiration pneumonia. Therefore, a compro- 
mise must be found between retaining voice quality 
and restoring an adequate translaryngeal airway. Tis- 
sue-sparing resections like the one described in this 
report generate superior phoniatric results associated 
with only minor airway stenosis.!? Furthermore, with 
the arytenoid cartilages left intact, no aspiration will 
result from such a procedure. Bilateral cordotomy may 
also be feasible. An absence of aspiration together 
with a good voice quality on subjective rating has been 
reported. !8 


The placement of the stents used in this series has 
been described elsewhere.^15.17 In short, orolaryngeal 
intubation was performed with an operating laryngo- 
scope attached to a chest support (Karl Storz, Tuttlin- 
gen, Germany). It was positioned to expose the entire 
circumference of the vocal cords. Ventilation was sus- 
tained by a low-frequency jet through a nozzle fixed 
to the outer orifice of the instrument. A rigid broncho- 
scope was used to dilate the narrowed trachea and to 
peel off the congested or infiltrated mucosa. If nec- 
essary, the main stem bronchi were pretreated in a 
similar way. 
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Stent insertion seems to be of immediate and sus- 
tained benefit whenever the tracheobronchial tree is 
compromised by extrinsic tumor compression or re- 
spiratory-digestive tract fistula. Most patients (77% 
to 100%) experience prompt symptomatic and func- 
tional improvement. According to published data,’ 
the main serious side effects are stent dislodgment, 
mucus impaction within the device, and granulation 
at both ends of the device. The complication rates 
vary between 5% and 25% irrespective of the partic- 
ular material or shape. Stent location within the cen- 
tral airways (trachea and bifurcation) is associated 
with median survival durations of 4 to 10.5 months. 
Whether survival is prolonged in comparison to that 
of nonstented patients with similar tumor growth re- 
mains a matter of debate.^ Compared with data from 
the pertinent literature, our patients' duration of sur- 
vival was distinctly shorter. One reason may have been 
a more advanced cancer stage, as evidenced by the 
additional damage of the laryngeal nerves. Second, 
esophageal carcinoma, once it infiltrates the trachea 
and adjacent structures, may grow more aggressively 
than lung cancer with concomitant tracheal involve- 
ment. Two of our 6 patients died of fatal hemorrhage, 
which is a higher rate than that found in other study 
groups, in which lung cancer is a frequent cause of 
tracheal stenosis. The relatively short observation pe- 
riod may have contributed to the total lack of noted 
stent complications, which tend to increase with in- 
dwelling time. Even tumor growth through the open 
mesh of the Palmaz stent, as has occasionally been 
reported, was missing in the present series. 


CONCLUSIONS 


Palliative measures in end-stage tumor patients 
should provide effective long-standing relief from dis- 
tressing conditions such as pain, dyspnea, and recur- 
rent pneumonia without being too invasive, painful, 
or risky by themselves. In no case should they be 
associated with any substantial morbidity, let alone 
mortality. In our experience, cordotomy plus tracheal 


stenting reliably provided prompt and adequate pal- 
liation for cancer patients with serial tracheal occlu- 
sion and BVCP. However, there were some draw- 
backs that necessitated reintervention: occasional 
massive fibrin deposits on the resection wound, and 
a vocal cord incision that proved to be too narrow to 
be of real benefit. There happened to be no major stent 
problems such as dislocation or mucus impaction, 
which have been described elsewhere. 


Whereas stent insertion can be performed on an 
outpatient basis, given a sufficiently long postopera- 
tive surveillance period (6 hours), laser cordotomy 
often leads to transient edema, fibrin deposits, and 
debris that would cause serious restenosis unless in- 
stantly removed. Hence, hospitalization of at least 2 
days is necessary. 


In light of our experience, unilateral posterior cor- 
dotomy may sometimes be insufficient for an ade- 
quate enlargement of the glottic airway in end-stage 
cancer. Therefore, bilateral posterior cordotomy or 
subtotal cordectomy will be chosen whenever nec- 
essary for the treatment of future patients. In addition, 
we will try to improve our interdisciplinary emer- 
gency airway management protocol.in such a way 
that both interventions (cordotomy and tracheal stent- 
ing) can consistently be carried out during one single 
session of anesthesia, thereby obviating ee air- 
way procedures. 


Whether the presented approach is a true advantage 
over tracheostomy in terms of survival rate, reduced 
respiratory emergencies, lower infection rates, etc, 
will be elucidated further. It seems unquestionable, 
however, that quality-of-life issues are better ad- 
dressed in end-stage cancer patients with central air- 
way stenosis if endoscopic techniques are applied to 
restore the airway and tracheostomy is avoided. 
These are preliminary data. Clearly, more research 
will be needed to elaborate criteria for individual 
treatment selection, given the choice of different en- 
dolaryngeal procedures that are readily available. ` 
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EPIDEMIOLOGICAL STUDIES ON HEARING IMPAIRMENT WITH 
REFERENCE TO GENETIC FACTORS IN SICHUAN, CHINA 
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Hearing impairment is the most common disorder of sensorineural function and is an economically and socially important cause 
of human morbidity. A large-scale epidemiological survey of hearing loss was conducted with 126,876 unselected subjects (63,741 
male and 63,135 female) from Sichuan, China. The overall prevalence of hearing loss was 3.28% (4,164 of 126,876), and the 
prevalence increased with age, reaching 12.8% (1,465 of 11,421) at 60 years of age. In 73.03% of all cases (3,041 of 4,164), the 
hearing loss was sensorineural, and in 20.39% (849 of 4,164), it was conductive; the remaining cases (6%) were mixed hearing loss. 
Bilateral loss was found in 74.5% of cases (3,103 of 4,164). In 63.79% of cases (2,656 of 4,164), the degree of hearing loss was less 
than 55 dB hearing level (HL), and in 5.67% of cases (236 of 4,164), it was greater than 90 dB HL. The prevalence of hearing loss in 
childhood (<15 years of age) was 0.67% (227 of 34,157), of which 57.7% of cases were conductive and 38.8% were sensorineural. 
The prevalence of genetic hearing loss was 0.28% (349 of 126,876). Persons who lived in the flatlands appeared to have a higher 
prevalence than those who lived in the hills. Several ethnic groups, including Tibetans, the Yi, and the Lisu, had a higher prevalence 
of hearing loss. Presbycusis, otitis media, and genetic factors were the most commonly recognized causes of hearing impairment 
overall, but otitis media and genetic factors were the main causes of hearing loss in children. Causes for the observed differences in 
prevalence and etiologic factors between China and industrialized countries will be discussed. In China, infections and genetic 
factors appear to be of major importance as causes of hearing loss. 


KEY WORDS — Chinese, epidemiology, etiology, genetic deafness, hearing loss. 


Hearing loss is a major community health problem 
and a serious medicosocial problem. There have been 
many investigations on population prevalence and 
causes of hearing loss in industrialized countries, 
but few such studies have been conducted in develop- 
ing nations, including China. However, such knowl- 
edge about the frequency and causes of hearing loss 
is an essential prerequisite to the rational planning 
of research and the provision of health care. 


Sichuan is the most populous province in China, 
with 104 million people (1987). It is quite represen- 
tative of all China in its economic, cultural, and 
demographic aspects. During 1986 and 1987, a large- 
scale epidemiological survey of more than 100 ge- 
netic diseases was carried out.? The survey covered 
100 million people, a sampling frame population of 
11,168,000, and a study group of 126,876 people. 
More than 400 doctors, paramedical personnel, epi- 


demiologists, statisticians, and computer workers col- 
laborated on the field, clinical, or laboratory work. 
As part of this project, subjects with hearing impair- 
ment were surveyed, and the prevalence and causes 
of hearing loss in the general population were esti- 
mated. 


METHODS 


Selection of Population and Sampling. Sichuan is 
alarge province in southwestern China. Ninety-seven 
percent of its population is Chinese (Han). The rest 
are Yi, Tibetan, Qiang, Lisu, and others. The referral 
sites were selected on the basis of a stratified random 
sampling method considering the density and geo- 
graphic and urban-rural distribution of the popula- 
tion, so that the results would be as representative of 
the whole province as possible. The area of Sichuan 
is 570,000 km2, about 6% of the total area of China. 
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TABLE 1. PROTOCOL OF HEARING SCREENING USED IN THIS SURVEY 


Stage Methods Used 


First Questionnaires 

Whispered voice 

Behavioral test 

History-taking otolaryngological examinations 
Otoscopy 

Tuning fork tests 

Pure tone audiometry 

Otoimmittance if available 
Examination by other specialists 
Nonaudiological tests if necessary 
Third Establish pedigrees of unknown cases 


Second 


Aims 


To screen subjects for hearing loss 


To confirm diagnosis of hearing loss 


To identify causes of hearing loss: 


To ascertain genetic cases 


Repeat examinations used at second stage for available family members 


Population genetic analysis 


Geographically, Sichuan consists of the West Sichuan 
Plateau, with an average altitude of more than 3,000 
m, and the Sichuan Basin, below which lies Chengdu 
Plain. The land slopes gradually downward from 
northwest to southeast. Three land types — moun- 
tainous, hilly, and flat — can be distinguished. Its pop- 
ulation distribution is uneven, with the urban-rural 
ratio about 1:4. Each referral site consisted of 2 to 
4 neighboring villages or residents' committees (in 
towns) with about 3,000 people or 500 to 600 fam- 
ilies. Selected population groups, such as army units, 
schools, colleges, and sites with massive emigration 
in the past 20 to 30 years, were excluded. Forty-two 
villages or towns were chosen to,be referral sites and 
were compatible with the above requirements. 


Screening Procedure. A 3-stage protocol was 
adopted in.the current survey (Table 1). In the first 
stage, all inhabitants of a referral site were questioned 
and examined by means of a standardized compre- 
hensive questionnaire and examination scheme by 
one of the team of doctors and secondary medical per- 
sonnel. The questionnaire used in this stage included 
medical and family history of all conditions investi- 


TABLE 2. QUESTIONNAIRE FOR SCREENING OF 
HEARING LOSS AT FIRST STAGE 


For adults: 
Do you have any hearing impairment? 
How old were you when you noticed your hearing problem? 
Is there a history of hearing loss in your family? 

For parents with children: 
Do you think your child has normal hearing? 
Does-your child seem startled if there is a loud noise (such as 
thunder or a car horn)? 

' Tf you speak normally to your child, does he or she turn to 
look at you? 


Does any family member have a hearing problem? 


If any question above is answered positively for hearing loss, subject 
goes to second stage. 


HÀ 


To determine inheritance modes 


gated in this survey. In terms of hearing loss, special 
emphasis was placed on 1) identifying the presence 
or absence of hearing loss and 2) ascertaining the 
age at which the hearing deficit was noticed by the 
patient or by his or her parents, as well as the age at 
which the problem was diagnosed. The questionnaire 
used for hearing screening is shown in Table 2. The 
examinations designed to screen for hearing loss in 
this stage included whispered voice testing (26 years 
of age) and behavioral tests («6 years of age). 


In the second stage, patients in whom hearing loss 
was suspected were referred to otologists and other 
specialists (including a pediatrician, an obstetrician, 
an ophthalmologist, a dermatologist, a neurologist, 
a surgeon, and an internist) to evaluate the causes of 
bearing loss and to identify associated organ abnor- 
malities. This entailed a careful history-taking, clin- 
ical investigations, and laboratory tests that would 
indicate exogenous factors or identify a genetic cause. 
A detailed history regarding age at onset and knowl- 
edge of pathogenesis (infection, drugs, etc) was ob- 
tained. Nonaudiological examinations included tri- 
iodothyronine and thyroxine levels, urine tests for 
proteinuria and hematuria, electrocardiography, skull 
radiography, and chromosomal analysis. 


The last stage involved investigating patients in 
whom no environmental factors were identified that 
would be responsible for hearing impairment. A de- 
tailed medical history was obtained, with an emphasis 
on a family history of hearing loss and other associ- 
ated congenital anomalies, and a pedigree including 
at least 3 generations was established. Routine oto- 
logic examinations (including pure tone and oto-im- 
mittance audiometry) and physical examinations were 
carried out on all available family members. Finally, 
a segregation analysis as described by Vogel and Mo- 
tulsky’ was applied to determine the inheritance 
modes of hearing loss in these patients. In our study, 
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TABLE 3. DISTRIBUTION OF HEARING LOSS BY AGE 
IN 4,164 CASES 


Patients With Hearing Loss 


Total No. No.of Prevalence 
Age (y) Examined Cases Percentage “%) 
0-4 8,915 20 0.48 0.22 
5-9 8,826 57 1.37 0.65 
10-14 16,416 150 3.60 0.91 
Total children 34,157 
15-29 38,231 511 12.27 1.34 
30-44 26,613 953 22.89 3.58 
45-59 16,454 1,008 24.21 5.12 
60+ 11,421 1,465 35.18 12.83 
Total adults 92,719 
Total 126,876 4,164 100.00 3.28 


the proportion of autosomal recessive (AR) to auto- 
somal dominant (AD) nonsyndromic cases in the ge- 
netic group was determined by segregation aralysis. 
This statistical technique estimates the segregation 
ratio, proportion of sporadic cases, and ascertainment 
probability. This method assumes complete ascertain- 
ment, which is appropriate because all affected indi- 
viduals in the referral sites were ascertained. Analysis 
of multiplex sibships (more than 1 affected sibling) 
with unaffected parents gave a segregation ratio of 
0.27 € 0.07, compatible with AR inheritance. The pro- 
portion of nongenetic cases was estimated from the 
proportion of simplex (1 affected) to multiplex fam- 
ilies.® 

Audiological Assessment. Pure tone audiometry 
(Danplex AS 72 audiometer, air conduction and bone 
conduction with masking, if necessary) was under- 
taken whenever possible. Air conduction thresholds 
were measured at 250 and 500 Hz and at 1, 2, 6, and 
8 kHz. Bone conduction thresholds were determined 
to identify the type of hearing loss. Oto-imm:ttance 
measurements were carried out in some patients, and 
all were examined otoscopically. Individuals with a 
hearing loss averaging 27 dB hearing level (HL) or 
more in the better ear across 500, 1,000, 2,000, and 
4,000 Hz were regarded as affected. The degree of 
hearing loss was examined in terms of mean values 
across the frequency range. The degree of loss was 
divided into the following categories: less than 55 
dB HL, 56 to 90 dB HL, and more than 90 dB HL. 
Sensorineural hearing loss was defined as an air-bone 


TABLE 4. PREVALENCE OF HEARING LOSS IN ` 
DIFFERENT GEOGRAPHIC AREAS 


Total No. With 


Geographic Subjects Hearing Prevalence 
Area Examined Loss (%) 
Flatlands 33,597 1,291 3.84 
Hills 52,107 1,541 2.96 


Mountains 41,172 1,332 3.24 


TABLE 5. PREVALENCE OF HEARING LOSS IN 


DIFFERENT ETHNIC GROUPS 
No. With 
Total No. Hearing Prevalence 
Ethnic Group Examined Loss (%) 
Han (Chinese) 116,534 3,726 3.20 
Yi 2,964 164 5.53 
Tibetan 2,933 129 4.40 
Lisu 1,968 95 4.83 


Others 2,477 50 2.02 


gap of less than 15 dB averaged over 0.5, 1, and 2 
kHz. Conductive hearing loss was defined as normal 
bone conduction thresholds («20 dB) and an air-bone 
gap of greater than 15 dB averaged over 0.5, 1, and 
2 kHz. Mixed hearing loss was diagnosed if there 
was a more than 20-dB HL bone conduction thresh- 
old, together with a 15-dB air-bone gap averaged 
across 0.5, 1, and 2 kHz. 


RESULTS 


In total, 126,876 persons (63,741 male and 63,135 
female) were investigated, representing 96% of the 
population in the referral sites. To evaluate the first 
stage of the screening protocol, we invited all subjects 
from the first referral site to undergo all of the tests 
from the first stage to the third stage.9 Analysis of 
the resulting data showed that the initial screening 
test for hearing loss had a sensitivity of 87.5% and 
a specificity of 93.3%. Among the 126,876 people 
screened at the first stage, 4,164 were identified as 
having hearing loss. The overall prevalence was 
3.28% of the general population, with no significant 
difference between male (3.34% or 2,191 of 63,741) 
and female (3.1396 or 1,973 of 63,135; p » .05) sub- 
jects. The distribution of various ages for the 4,164 
cases is shown in Table 3. The prevalence of hearing 
loss increases with age. The prevalences in various 
geographic areas and different ethnic groups are 
shown in Tables 4 and 5, respectively. 


The hearing loss was sensorineural in 73.03% of 
patients (3,041 of 4,164), conductive in 20.39% (849), 
and mixed conductive and'sensorineural in 6.58% 
(274). The hearing loss was bilateral in 74.596 (3,103) 
and unilateral in 25.596 (1,061). The distribution and 
prevalences of degrees of hearing loss can be seen in 
Table 6. The prevalence of hearing loss was 0.67% 


TABLE 6. DISTRIBUTION OF HEARING LOSS BY 
SEVERITY IN 4,164 CASES 


Hearing 

Threshold (dB) | No.of Cases Percentage Prevalence (96) 
«55 2,656 63.79 . 2.09 
56 to 90 1,272 30.54 1.00 
>90 236 5.67 0.19 
Total 4,164 100.00 3.28 
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TABLE 7. DISTRIBUTION OF CAUSES IN 4,164 


PATIENTS 
No. of Prevalence 
Cause Cases Percentage (96) 
Environmental 3,156 75.80 2.49 
Presbycusis 1,563 37.54 1.23 
Sequelae of otitis media 1,034 24.83 0.82 
Noise-induced 22] . 545 0.19 
Ototoxicity 121 2.91 0.10 
Infections 84 2.02 0.07 
Trauma - 47 1.13 0.04 
Sudden onset 17 0.41 0.01 
Ear malformation 15 0.36 0.01 
Others 48 1.15 0.04 
Genetic 349 8.38 0.28 
Autosomal recessive 
(nonsyndromic) 216 5.19 0.17 
Autosomal dominant 
(nonsyndromic) 105 2.94 0.08 
Otosclerosis 10 0.24 0.008 
Familial ototoxicity 9 0.22 0.007 
X-linked 5 0.12 0.004 
Usher's syndrome 2 0.05 «0.001 
Waardenburg's syndrome 1 0.02 «0.001 
Pendred's syndrome l 0.02 <0.001 
Chromosomal defects 3 0.07 0.002 
Unknown 656 15.75 0.52 
Total 4,164 100.00 3.28 


in children younger than 15 years of age (227 of 
34,157), in whom the hearing loss was conductive in 
57.7%, sensorineural in 38.8%, and mixed in 3.5%. 
The prevalence of hearing loss was 4.25% in adults 
(3,937 of 92,719), in whom the hearing loss was 
conductive in 17.78%, sensorineural in 75.01%, and 
mixed in 6.76%. Profound deafness (defined as a 
hearing loss of greater than 90 dB HL) was found in 
17.2% of the children (39 of 227), for a prevalence 
of 0.114%. 


In 84.25% of cases, a causative factor could be 
identified, whereas in 15.7596, the cause of the hear- 
ing impairment was unknown, as shown in Table 7. 
The distribution of causes of hearing loss in children 
and adults is presented in Table 8. 


DISCUSSION 


Prevalence of Hearing Loss. Hearing impairment 
is the most common sensorineural impairment. Some 
population-based surveys on hearing have been un- 
dertaken in industrialized countries, and existing in- 
formation about prevalences was obtained from 
them.!° Estimates of the prevalence of hearing im- 
pairment in China are not accurate. In previous stud- 
ies,?-!° the authors selected groups of people in schools 
for the deaf or in certain geographic locations. There- 


TABLE 8. DISTRIBUTION OF CAUSES OF HEARING 
LOSS IN CHILDREN AND ADULTS 


Children Adults 

Cause No. % No. 96 

Presbycusis 1,563 39.70 
Otitis media 123 54.19 911 23.14 
Genetic factors 42 18.50 307 7.80 
Noise 15 6.61 212 5.38 
Ototoxicity 18 7.93 103 2.62 
Infections 14 6.17 70 1.78 
Trauma 7 3.08 40 1.01 
Others 8 352 731 18.57 
Total 224 100.00 3,937 100.00 


fore, their sampling represents a biased view that is 
not representative of the population as a whole. To 
estimate the actual prevalence of hearing loss in a 
general population, it is necessary that people be ex- 
amined and tested from different geographic regions. 
In addition, the audiological tests must be standard- 
ized to encompass all ages and degrees of hearing 
loss. The present survey aims to provide an accurate 
measure of the prevalence of hearing loss in the gen- 
eral population of Sichuan. 


The overall prevalence of hearing loss in the gen- 
eral population of Sichuan obtained from the present 
survey was 3.82%, which is lower than that of in- 
dustrialized countries. A national survey in the United 
Kingdom suggested that 2096 of the population had 
a hearing impairment exceeding 25 dB HL in the bet- 
ter-hearing ear.! A similar survey in the US popula- 
tion based on household interviews of civilians found 
that approximately 4% of people younger than 45 
years of age and 29% of those 65 years or older had 
a hearing loss.” Population-based surveys on hearing 
from England and Denmark reported an overall 15% 
to 20% prevalence of hearing loss (>25 dB HL for 
the average across 0.5 to 4 kHz in the better ear). !! 
The difference in prevalence between China and Wes- 
tern countries may be explained by the following fac- 
tors: 1) there may be a true difference between the 
countries; 2) different criteria and different screen- 
ing methods for hearing loss were used; 3) the indi- 
viduals in the developed countries might have more 
noise exposure, in light of the low prevalence of 
noise-induced hearing loss in China; and 4) there may 
be a demographic difference in age between China 
and the Western countries. The results of the investi- 
gation (Table 3) also indicated that the prevalence of 
hearing impairment increased with age, so that ap- 
proximately 12.8% of the population were affected 
by 60 years of age — similar to the prevalence in the 
US population.? 


There are numerous surveys of hearing impairment 
in childhood throughout the world, with the preva- 
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lence ranging from 0.5 to 4.2 per 1,000.3:!2 The data 
on the prevalence in childhood are often obtained 
from clinical samples that are ill-defined from an epi- 
demiological perspective. An appropriate study based 
on identical birth cohorts (1983 to 1988) from Eng- 
land and Denmark showed that the prevalence of bi- 
lateral sensorineural or mixed hearing loss in child- 
hood was 127 per 100,000 (>40 dB for the average 
across the audiometric frequencies 0.5 to 4 kHz)? In 
our survey, the overall prevalence of hearing impair- 
ment in childhood (<15 years) and the prevalence of 
sensorineural or mixed hearing loss (>27 dB for the 
average across the frequencies 0.5 to 4 kHz) are 665 
per 100,000 and 281 per 100,000, respectively. That 
these prevalences are much higher than those of Wes- 
tern countries can be attributed to different criteria 
for hearing loss and to a higher prevalence in China 
of hearing loss due to otitis media. 


In the present series, there was a difference in prev- 
alence among various types of hearing loss, with the 
highest prevalence being 2.4%, for sensorineural hear- 
ing loss. In the child group, the prevalence of con- 
ductive hearing loss (3.84%) was significantly high- 
er than that of sensorineural hearing loss (2.58%; p 
< .05). Conductive hearing loss was identified in only 
17.6% of adult cases, but was identified in 61.2% of 
child cases. These differences may reflect the fact 
that children are more susceptible to the factors that 
can cause damage to the middle ear and that conduc- 
tive hearing loss is the main type of hearing impair- 
ment in children in China. For most patients (63.79%), 
the degree of hearing loss is less than 55 dB HL. 
Only 5.67% of patients had a hearing loss of more 
than 90 dB HL. 


There have been many population-based surveys 
concerning the prevalence of hearing loss as a func- 
tion of age, gender, hearing levels, and social class, 
but few reports offer the prevalence of genetic hearing 
impairment. In the current survey, special attention 
was focused on identifying genetic hearing loss at 
the time the data were collected and during their anal- 
ysis (see Methods). The overall prevalence of genetic 
hearing loss was 275 per 100,000, with a high prev- 
alence of nonsyndromic AR hearing loss (170 per 
100,000; Table 7). This high prevalence may be ex- 
plained in part by the high incidence of consanguinity 
in some population groups. Overall, consanguinity 
was documented in 7.4% of the AR group in this 
study. An estimate of the incidence of genetic hearing 
loss in childhood of 123 per 100,000 was obtained 
from this survey, which is somewhat higher than the 
prevalence of 88 per 100,000 claimed in the first 
decade of life in an age-matched population-based 
study.!2 To our knowledge, no epidemiological in- 


formation is available on the prevalence of genetic 
hearing loss in adult populations, largely because of 
the lack of large-scale genetic-epidemiological sur- 
veys. In this study, the prevalence of genetic hearing 
impairment in the adult population (215 years) was 
335 per 100,000, which is higher than that in children. 
This result is not surprising, because genetically de- 
termined hearing impairment can develop at any age 
throughout life, either as the sole manifestation of 
the mutant genes or as part of an inherited syndrome.!? 
Among syndromic hearing losses, only Waarden- 
burg's, Usher's, and Pendred's syndromes were iden- 
tified (Table 7) — compatible with the fact that they 
are the most frequent syndromes that include deaf- 
ness.!4 In terms of chromosomal defects, Down syn- 
drome was diagnosed in 3 cases, for a prevalence of 
2.37 per 100,000. 


Presently, there are few reports on the prevalence 
of hearing impairment in different geographic areas 
and among different ethnic groups in China. Our re- 
sults showed that the population located in the flat 
area appeared to have a higher prevalence of hear- 
ing impairment than did people who lived in the hills 
and mountains (Table 4). There also appeared to be 
differences in the prevalence of hearing loss among 
different ethnic groups in Sichuan. The 3 main minor- 
ities (Tibetan, Yi, and Lisu) presented a higher preva- 
lence than did the Chinese Han (Table 5). The reasons 
for the differences between geographic areas and be- 
tween ethnic groups are unclear. 


Causes of Hearing Loss. A number of reports ap- 
pearing over the years have addressed the causes of 
hearing impairment in populations throughout the 
world. 13:13 However, most of the studies were carried 
out in industrialized countries, and there is little in- 
formation on the causes of hearing loss in the devel- 
oping nations. Jn many surveys throughout the world, 
the proportion of various causes of hearing impair- 
ment varies among populations.!? Probably the most 
important reason is the difficulty of obtaining ap- 
propriate etiologic data, arising from a lack of world- 
wide consensus on protocols for investigation and 
diagnosis. Ín addition, making accurate judgments 
about the etiologic effect of genetic factors in hearing 
impairment is not easy, because there is no uniform 
clinical terminology or set of criteria for genetic hear- 
ing loss. 


In our investigation, the cause of hearing impair- 
ment was clarified in 84.25% of cases; in 15.75%, 
the etiologic factors were unknown. As shown in Ta- 
ble 7, the most common causes of hearing impairment 
in the general population of China are presbycusis, 
otitis media, and genetic factors. An etiologic anal- 
ysis of a profoundly deaf group has been published 
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showing genetic factors (4396) and infectious dis- 
eases (31%) as the main causes.!9 


Most conductive or mixed hearing loss (94.2% in 
children, 92.58% in adults) results from chronic sup- 
purative otitis media and otitis media with effusion, 
from which most adult patients suffered in childhood. 
Among other infectious diseases, high fever (defined 
as hearing loss without identified cause after high 
fever), meningitis, and measles were other signifi- 
cant causes (Table 7). The proportion of middle ear 
infection in various age groups may reflect etiologic 
differences between developed countries and devel- 
oping countries. In China, there is surprisingly little 
mention of the etiologic effect on hearing of viral 
factors such as congenital rubella, which is cited as 
a significant cause of congenital deafness.!1^15 One 
of the probable reasons is that few deaf children take 
routine serologic tests for the virus in China. How- 
ever, as shown in a study on the prevalence of con- 
genital profound deafness in this population, certain 
environmental factors (such as rubella) would con- 
tribute to the differences in prevalence related to dif- 
ferent ages and seasons." In our survey, presumably, 
cases that resulted from congenital viral infections 
might have been placed in the “unknown” category. 


Itis hard to carry out a direct comparative analysis 
of the proportion of genetic hearing loss between 2 
studies because of the wide range in criteria, defini- 
tion of samples, age of subjects, and hearing levels. 
The estimates of the proportion of cases with genetic 
hearing impairment vary widely, from 3% to 78% in 
adults and children!? and from 9% to 54% in child- 
hood.!8 The wide variation in the percentage of hered- 
itary hearing loss may reflect true differences in ge- 
netic expression within the various target populations. 
However, itis possible that the etiologic effect of ge- 
netic factors in hearing impairment has been under- 
estimated in the literature because of 1) a lack of 
valid epidemiological data on genetic hearing loss; 
2) difficulties in distinguishing genetic hearing im- 
pairment from acquired impairment audiologically!?; 
and 3) the poor specificity and low sensitivity of rou- 
tine audiological methods for screening the carriers 
of genes that cause hearing impairment 202! 


There have been few surveys in China to evaluate 
the etiologic effects of genetic factors. In the present 
study, inherited hearing impairment accounted for 
20.9896 of the adults with sensorineural hearing loss 
(excluding presbycusis) and 42.6% of the children 
with sensorineural hearing loss. The most common 
forms of genetic hearing impairment were the AR 
forms, accounting for 62.75% of cases, and AD forms, 
accounting for 33.24%. X-linked inheritance was 
found in 1.43%, and mitochondrial transmission in 


2.58%. In another study, only 5.9446 of genetically 
determined profound hearing loss was the AD form.!6 
The high proportion of the AD mode in the current 
study can be attributed to the fact that cases of hearing 
loss ranging from mild to profound were included. 
Recent advances in molecular biology and genetics 
have made possible the isolation, sequencing, and 
characterization of genes that cause hearing impair- 
ment. This will provide a basis for better understand- 
ing of the molecular biochemistry and development 
of the auditory system. The genes for several of the 
most common genetic syndromes that include deaf- 
ness (Waardenburg's, Usher's, and Pendred's syn- 
dromes) have been identified. There has been sub- 
stantial recent progress in nonsyndromic hearing loss, 
with more than 50 loci having been mapped from 
various populations around the world.” Moreover, 
2 forms of genetic deafness are much more frequent 
than the others, accounting for at least 30% of all ge- 
netic cases in many populations. One of these genes, 
the connexin 26 locus (Cx26), has been found to be 
a major cause of nonsyndromic AR deafness in many 
populations.?? Most interestingly, a single mutation 
in the connexin 26 gene, 35delG, accounts for the 
majority (60% to 80%) of mutant Cx26 alleles in 
families with nonsyndromic deafness in the United 
Kingdom, France, Italy, Spain, Tunisia, Lebanon, Aus- 
tralia, Russia, and New Zealand. The second most 
common form of genetic deafness is the A1555G sub- 
stitution in a mitochondrial ribosomal RNA gene, 
which causes increased susceptibility to aminogly- 
coside antibiotic-induced deafness, as well as non- 
syndromic hearing loss.24 The mitochondrial DNA 
(mtDNA) A1555G mutation has been reported in 
many ethnic groups, with more than 20% of deaf in- 
dividuals carrying this mutation in some popula- 
tions.?? So far, there have been no reports regarding 
Cx26 mutations and mtDNA A1555G mutation or 
the prevalence of the 35delG mutation in large sam- 
ples of Chinese patients with nonsyndromic hearing 
loss. At least 8 different loci were responsible for 
AR profound deafness in the present population on 
the basis of the calculation of heterogeneity.!7 Re- 
cently, 2 Chinese families with nonsyndromic AR 
deafness from the current population were identified 
as carrying mutations in the myosin VIIA gene.” 
More recently, we have started to perform mutation 
analysis of the 2 most common mutations in a large 
number of probands with nonsyndromic hearing loss 
from this population. We found that 30% of the pro- 
bands carried the mtDNA A1555G mutation. Sur- 
prisingly, the 35delG mutation in Cx26 was not found 
in any of these cases (Liu et al, unpublished data). 


A variety of commonly used drugs have ototoxic 
properties. The most common ototoxic drugs in China 
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are aminoglycoside antibiotics (such as streptomycin, 
kanamycin, and gentamicin). The incidence of ami- 
noglycoside-induced deafness has increased in re- 
cent years and is one of the major causes of hearing 
impairment in China. Some investigations based in 
schools for the deaf have indicated that 12.8% to 
66.1% of cases of profound deafness resulted from 
aminoglycoside antibiotics, with a population preva- 
lence of 0.035%. In our survey, the prevalence of 
drug-induced deafness was 0.103% and accounted 
for 8.8% of sensorineural hearing loss (excluding 
presbycusis) and for 20.45% of sensorineural hearing 
loss in children. Among the 130 cases of pharmaco- 
logical ototoxicity, 6.92% had a positive family his- 
tory, yielding a prevalence of recognizable familial 
cases of 0.007%. The matrilineal transmission of ami- 
noglycoside-induced deafness in the Chinese popu- 
lation was first reported in isolated pedigrees in the 
early 1990s, and mutations in the mtDNA were sug- 
gested as the likely cause.2927 The identification of 
the mtDNA A1555G mutation in a large proportion 
of families with nonsyndromic deafness in our sam- 
ple provides a molecular explanation for the high 
prevalence of aminoglycoside-induced hearing loss 
in the Chinese population. 


Presbycusis, the hearing loss associated with aging, 
is the most common etiologic form of hearing loss 
in all studied populations. It affects more than 27% 
of persons over the age of 65 years and 50% of those 
80 years of age or older.^^ Because of the lack of 
worldwide diagnostic criteria for presbycusis and dif- 





ferent socioeconomic conditions, we defined cases 
as presbycusis using the following criteria: 1) age of 
hearing impairment greater than 55 years; 2) sym- 
metric bilateral sensorineural hearing loss without 
known causes; and 3) negative family history of hear- 
ing loss. In the present study, presbycusis accounted 
for 37.54% of all cases, and affected 9.99% of those 
more than 55 years of age. 


CONCLUSION 


Individuals with hearing impairment were inves- 
tigated in the general population of Sichuan. The total 
prevalence (3.28%) of hearing impairment obtained 
from this study is significantly lower than that in in- 
dustrialized nations, but the prevalence in children 
(0.665%) is significantly higher than that in reports 
from Western countries, mainly because of a higher 
prevalence of otitis media in China. There is a sig- 
nificant difference in the proportion of the types of 
hearing loss between children and adults. The prev- 
alences of genetic hearing loss in children (0.11%) 
and in adults (0.33%) were higher than those in pre- 
vious reports. The high proportions of infections in 
the middle ear and aminoglycoside-induced hearing 
loss reflect differences in causes of hearing impair- 
ment between developed countries and developing 
ones. Presbycusis and sequelae of otitis media were 
the main causes of hearing impairment in adults; otitis 
media and genetic factors were the main causes in 
children. It is suggested that the effect of genetic fac- 
tors in the general population should be emphasized. 
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The presence of adenohypophysial tissue in the nasopharynx is no longer disputed. This study was performed in 50 neonatal 
cadavers subjected to medical autopsy within 6 hours of death. The aim was to study the incidence of extrasellar pituitary tissue in the 
nasopharynx and its various histologic cell types. The transpalatal approach was used to obtain the specimens. The specimens were 
stained with hematoxylin and eosin and periodic acid-Schiff—orange G for selective demonstration of adenohypophysial cells. Histo- 
pathologic evaluation led to the detection of pituitary tissue in 16% of the examined specimens. Selective staining demonstrated a 
6% positive incidence of adenohypophysial cells. The pharyngeal hypophysis exists in 2 forms: a typical adenohypophysial collec- 
tion of cells and an atypical subepithelial cluster. The incidence of hypophysial tissue was higher in the older neonates, perhaps 
because of hormonal stimulation of the caudal remnant of Rathke’s pouch. 


‘KEY WORDS — histology, neonate, pharyngeal pituitary tissue. 


INTRODUCTION 
The collection of adenohypophysial tissue with 


_ functional potential in the mucoperiosteum of the na- 


sopharynx was. first described by Erdheim and 
Stumme! in 1909. Many studies! + have demonstrated 
and documented the presence of extrasellar pituitary 
tissue. Melchionna and Moore? detected pharyngeal 
gland tissue in 51 of 54 cases, present constantly in 
the midline submucosa or the periosteum adjacent to 
the vomerosphenoidal articulation. It occurred most 
frequently as a single well-circumscribed and encap- 
sulated structure. Richards and Evans? noted in their 
series that the pharyngeal hypophysis is an elongated 
structure approximately 5 mm long, 0.5 mm wide, 
and 0.3 mm deep. After a study of 133 hypophyses, 
McGrath reported the length, width, and depth as 
9.6 mm, 1.5 mm, and 1 mm, respectively. 


The pharyngeal pituitary tissue is histologically 


very similar to the corresponding adenohypophysis. ` 


The appearance is of a glandular tissue with a poorly 
defined capsule. Chromophobes, acidophils, and ba- 
sophils are present in approximately the same pro- 
portions as in the adenohypophysis.® 


The functional significance of the pharyngeal hy- 
pophysis is in doubt, even after its histologic demon- 
stration by many authors. There have been some stud- 
ies wherein adenohypophysial hormones have been 
extracted from the pharyngeal hypophysis of em- 
balmed cadavers.’ Tumors of the pharyngeal hypo- 
physis have also been reported in literature,?9? there- 


by enhancing the surgical significance of this entity. 
The present study was undertaken in neonatal cadav- 
ers, first to highlight the incidence of extrasellar ade- 
nohypophysial tissue in the roof of the nasopharynx, 
and then to study the various histologic cell types in 
the specimens. 


MATERIAL AND METHODS. 


This study was performed on 50 neonatal cadav- 
ers (less than 1 month of age) that were subjected to 
medical autopsy at the Postgraduate Institute of Med- 
ical Education and Research, Chandigarh, India, in 
collaboration with the Department of Pathology. All 
cadavers were dissected for the tissue specimens 
within 6 hours of death. A lawful familial consent 
was obtained before the dissection of study materi- 
al. 


Mode of Obtaining Specimens. The pharyngeal pi- 
tuitary tissue is normally located over the vomero- 
sphenoidal articulation and adjacent roof of the na- 
sopharynx. A transpalatal approach was used to ob- 
tain the tissue specimen. After a Boyle-Davis mouth 


gag was applied, a curvilinear incision was made 


along the hard and soft palate just inside the gingi- 
val margins, extending onto the posterior extremity 
of the alveolar margins on both sides. The mucosa 
along with the periosteum was elevated over the en- 
tire area of the hard palate. The soft tissue over the 
hard palate along with the soft palate was removed 
so as to provide partial exposure of the nasopharyn- 
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TABLE 1. AGE DISTRIBUTION 


Group Age (d) No. OC 

l 1-5 4 8 
2 6-10 5 10 
3 11-15 9 18 
4 16-20 10 20 
5 21-25 IB! 22 
6 26-30 11 22 

Total 50 100 


geal vault. The exposure of the vomerosphenoidal 
articulation was accomplished by removing the bone 
of the entire hard palate. 


After exposure of the biopsy site, a horizontal peri- 
osteum-deep incision was made along the posterior 
third of the vomerine part of the nasal septum. The 
mucoperiosteum from the posterior third of the vomer 
and adjacent vomerosphenoidal articulation and na- 
sopharyngeal vault was then elevated off the osseous 
base. The final specimen was a rectangular piece of 
tissue measuring 15 x 10 mm with its long axis in 
the midsagittal plane and centered on the vomero- 
sphenoidal articulation. 


Processing and Staining. The specimen was stored 
in a 4% solution of formalin. Subsequently, the tis- 
sue was processed routinely, and paraffin blocks were 
prepared. Thin sections of 5 to 8 um were then made 
from the blocks. One set of sections was stained with 
hematoxylin and eosin dye, and a second set was 
stained with periodic acid-Schiff (PAS)-orange G. 
The slides were then studied under high- and low- 
power magnification. The primary intention of mi- 
croscopy was to identify the presence of pituitary 
tissue, the types of cells (chromophobes, acidophils, 
and basophils), and subepithelial cell rests, which are 
thought to be a remnant of Rathke's pouch. In the 
hematoxylin and eosin preparation, the following fea- 
tures were looked for in the nonpituitary tissue: 1) 
type of surface epithelium, 2) presence of adenoid 
and/or lymphoid collection, 3) vascularity of the tis- 
sue, and 4) presence of fibrous and cellular infiltrates 
and associated features such as cyst formation and 
colloid aggregates. 


The study material was divided into 6 subgroups 


TABLE 2. OBSERVATIONS IN NONPITUITARY TISSUE 


% of Specimens 


Adenoid tissue 92 
Cellular infiltrates 
Diffuse 32 
Neuronal tissue 40 
Salivary gland tissue 
Seromucinous 60 
Mucinous 40 


Surface epithelium was pseudostratified. 





neath lymphoid tissues of adenoid (H & E, original x155). 


(Table 1) based on the age of the cadavers in days: 
group 1 (1 to 5 days), group 2 (6 to 10 days), group 3 
(11 to 15 days), group 4 (16 to 20 days), group 5 (21 
to 25 days), and group 6 (26 to 30 days). 


RESULTS 


Age and Sex Distribution. The age distribution in 
the study population is shown in Table |. The sex dis- 
tribution was nearly equal, with a slight female pre- 
ponderance of 28 cadavers as opposed to 22 male 
cadavers. 


Observations in Nonpituitary Tissue. The type of 
surface epithelium, adenoid tissue, cellular infiltrates, 
and salivary gland tissue were seen as shown in Table 
ps 


Pituitary Tissue and Subepithelial Cell Rests. At- 
ter evaluation of tissue sections under a microscope, 
sections with features suggestive of typical or atypi- 
cal pituitary tissue constituted a total of 16% of the 
tissue specimens (8 of 50). Sections with tissue iden- 
tical to an adenohypophysis in morphology accounted 
for an incidence of 6% (3 of 50). They appeared as 
solid clumps of cells surrounded by a well-defined 
fibrous stroma. With hematoxylin and eosin, the cells 
appeared to have a pinkish cytoplasm with a baso- 
philic nuclear staining. These solid clusters of cells 
were situated in deeper layers of the sections, closer 
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to the vomerosphenoidal articulation than to the epi- 
thelial lining (Fig 1). Apart from the cells of adenohy- 
pophyses, findings of epithelial cell rests were noted 
in the subepithelial plane and also close to the vo- 
merosphenoidal articulation, and were considered as 
atypical pituitary cells in this study. The morphology 
of these cells was of 2 types, namely, the squamous 
cell rests, which were made up of moderate-sized 
cells with basophilic cytoplasm and intercellular 
bridges, and the undifferentiated cell rests, which 
were small cells with scanty cytoplasm interspersed 
with minute capillaries. This atypical pituitary tissue 
accounted for 1096 (5 of 50) of the positive speci- 
mens in this study. 


PAS-Orange G Sections. A second batch of sec- 
tions were stained with PAS—orange G. This was for 
selective demonstration of cells with the morphol- 
ogy of adenohypophysial tissue (Fig 2). It revealed 


Fig 3. Pharyngeal pituitary cells show 
predominance of acidophil cells (arrows; 
periodic acid—Schiff—orange G, original 
x550). 





Fig 2. Pharyngeal pituitary cell rests (arrows) 
embedded in fibrous tissue (periodic acid- 
Schiff-orange G, original x155). 


a positive rate of 696 (3 of 50 sections). In 2 of the 3 
sections, there was an equal proportion of acidophils 
and basophils. No chromophobes were seen. The third 
positive section showed 2 solid cell clusters produc- 
ing a neuroendocrine pattern with a predominance of 
acidophils in comparison to basophils (Fig 3). 


Relation of Age to Tissue Positivity. In group 2 (6 
to 10 days), group 3 (11 to 15 days), and group 4 (16 
to 20 days), there was | positive specimen in each 
group, ie, 12.5% positive specimens in each group.’ 
There were 2 (25%) positive specimens in group 5 
(21 to 25 days) and 3 (37.5%) positive specimens in 
group 6 (26 to 30 days). In total, 8 of the 50 (16%) 
neonates showed histologic evidence of typical or 
atypical pituitary tissue. 


DISCUSSION 
The pharyngeal hypophysis is a remnant of Rath- 


I» T : ET S —-— pr al; 
3 FN T MF- =] aw! 4 E 
7 lh ES p Ej 


Wu 


Noronha et al, Pharyngeal Hypophysis in Neonates 367 


ke's pouch. A portion of persistent Rathke's pouch 
forms the pharyngeal hypophysis, which retains its 
continuity with the pharyngeal epithelium. The dis- 
tal end persists to form the future adénohypophysis. 


This study was undertaken on neonatal cadavers 
that were subjected to medical autopsy with the ob- 
jective of determining the incidence of hypophysial 
tissue in the nasopharyngeal vault and documenting 
the histologic differentiation in the specimens. This 
study, undertaken in neonates, is to our knowledge 
the first of its kind to address the problem of extra- 
sellar hypophysis. The earliest report of pharyngeal 
pituitary tissue was by Erdheim and Stumme,! who 
demonstrated pituitary tissue in the nasopharyngeal 
roof with an incidence of 35%. In our study, histo- 
pathologic evaluation led to the detection of pitui- 
tary tissue in 16% of the examined specimens. In con- 
trast, Melchionna and Moore,” Boyd,!? and Mc- 
Grath!! have shown a high incidence of positivity. 
McGrath's inclusion of all age groups in her studies 
could account for such a high incidence. 


Melchionna and Moore? obtained pharyngeal tis- 
sue from the nasopharyngeal vault and vomerosphe- 
noidal area, which were sectioned at 10-um inter- 
vals after fixation in 6% formaldehyde solution. They 
noted that the pharyngeal pituitary tissue was com- 
posed essentially of undifferentiated cells and dif- 
ferentiated cells similar to those found in the ante- 
rior lobe of the pituitary gland. It is interesting to 
note that in 25% of their cases, there were no chro- 
mophobe cells, and in 35%, either acidophils or ba- 
sophils were absent. Even when chromophobe cells 
were present, they were few in number and consti- 
tuted less than 1% of the total number of cells. In 
our study, there was an equal proportion of acido- 
phils and basophils. No chromophobes were seen. 
The absence of chromophobe cells and the small size 
of the gland render it unlikely that the pharyngeal 
pituitary tissue makes any significant contribution 
to the overall function of the endocrine system. 


In this study, we noted 2 histologic types of ade- 
nohypophysis: an adenohypophysial or cellular group 
and subepithelial cell rests. The rests were of 2 types, 
namely, squamous rests and undifferentiated cells. 


These epithelial rests accounted for 10% of the 50 


specimens that were examined (5 positive speci- 
mens). McGrath (1971), on the other hand, divided 
the pharyngeal hypophysis into 3 histologic groups: 
a cellular group, a mixed group containing both epi- 
thelial and pituitary elements, and a squamous group. 


Melchionna and Moore,” Boyd,!? and McGrath? 
have all considered the subepithelial rests that lie ad- 
jacent to the surface epithelium to be atypical pitui- 
tary tissue. In contrast, we considered the deeply 


placed epithelial cell rests adjacent to the vomero- 
sphenoidal articulation to be atypical pituitary tissue. 
This probably explains the low incidence of positiv- 
ity in our study compared to other studies. 


The use of PAS—orange G has been advocated as 
a staining procedure specifically for demonstrating 
the cells of adenohypophyses. In the staining of an- 
terior pituitary tissue with PAS—orange G, the ulti- 
mate principle revolves around the knowledge that 
basophils contain mucoprotein and are PAS-positive. 
In the final result, nuclei stain black, mucoid cells 
magenta, acidophils orange, and chromophobes pale 


gray. 


Using this staining, we noted that the adenohypo- 
physial tissues, which accounted for 6% overall posi- 
tivity, were arranged in solid clusters of cells. All 3 
types of cellular components were seen. Melchionna 
and Moore? reported the presence of fibrous tissue 
with colloid material in the intercellular spaces, which 
was not seen in our cases. 


The incidence of hypopharyngeal hypophysis var- 
ies in different case studies. The variance can prob- 


-ably be attributed to the method of interpretation of 


subepithelial atypical cell clusters. Many studies?6? 
have quoted a higher incidence in older age groups, 
which may be due to hormonal stimulation of the 
caudal remnant of Rathke's pouch. This idea could 
also explain the increased incidence of pharyngeal 
hypophysis in the older neonates (26- to 30-day) seen 
in our study. | 


It is apparent from the present study that pharyn- 
geal hypophysis is an entity that should not be con- 
sidered a hypothetical issue. An incidence of 16% in 
the nasopharyngeal epithelium in neonates suggests 
that its existence is more frequent than is thought. 
The presence of pituitary tissue in the nasopharynx 
brings us to the important question of whether this 
tissue has any functional significance. Under nor- 
mal conditions of growth and activity, pharyngeal 
pituitary tissue may not contribute any significant 
physiological function. However, in cases of altered 
structure or activity of the pituitary gland, pharyn- 
geal pituitary tissue may undergo structural altera- 
tions and may serve as an endocrine organ. 


. Conclusive evidence of the functional potential of 
the pharyngeal pituitary tissue could be demonstrated 
by estimation of various adenohypophysial hormones 
with a radioimmunoassay technique. In addition, 
staining the tissue for prolactin, growth hormone, and 
adrenocorticotropin hormone granules would provide 
additional evidence that there are endocrine-active 
rests. In those few cases of acromegaly and Cushing’s 
disease that do not respond to hypophysectomy, the 
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pharyngeal pituitary tissue may well be the source 


of excessive secretion. Surgical exploration and ex- 


cision of glandular tissue should receive serious con- 
sideration in the future. 
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MALIGNANT MELANOMA ARISING WITHIN A BURN SCAR 
CASE REPORT AND REVIEW OF THE LITERATURE 
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Burn scar carcinomas, also called Marjolin’s ulcers, are uncommon tumors that arise from an antecedent burn. Most burn scar 
carcinomas are diagnosed about 30 years after the burn, and most are well-differentiated squamous cell carcinomas. We report a case 
in which a squamous cell carcinoma developed within a burn scar on the cheek and then a malignant melanoma arose within the burn 
scar after the squamous cell carcinoma had been excised. We also review the available literature on burn scar carcinoma, covering the 
demographics, pathogenesis, diagnosis, prognosis, and treatment of the disease. Given the multifocality of this disease process, we 
advocate aggressive resection of the entire burn scar, as well as the tumor, to prevent the development of further cancers within the 


wound. 


KEY WORDS — burn scar carcinoma, Marjolin's ulcer. 


CASE REPORT 


A 67-year-old woman was referred to The Univer- 
sity of Texas M. D. Anderson Cancer Center for fur- 
ther evaluation and treatment of a rapidly growing, 
painless nodule on the skin of her right cheek. A bi- 
opsy of the nodule performed 2 months earlier at an- 
other institution had demonstrated a malignant neo- 
plasm with *an unusual spindle cell proliferation." 
Pathological review at our institution confirmed the 
spindle cell characteristics, and a diagnosis of desmo- 
plastic spindle cell melanoma with an osteoclastic 
giant cell response was rendered. The patient had suf- 
fered severe thermal burns over her right arm and 
cheek at age 5. She was treated at the time with de- 
bridement and split-thickness skin grafting. At age 
65, she had had a squamous cell carcinoma excised 
from her right cheek. The surgical margins of exci- 
sion at that time were negative, and the site was cov- 
ered with a split-thickness skin graft. Soon afterward, 
another lesion of the right cheek developed, and the 
patient underwent Mohs surgery that yielded tumor- 
negative margins. A full-thickness skin graft was used 
to repair the defect from that surgery. 


The patient's medical history was significant for 
a benign thyroid mass removed at age 22. She did 
not take medications, and she was not allergic to any 
medications. She denied alcohol or tobacco use, but 
admitted to a history of significant sun exposure. 
There was no family history of skin cancer. Physical 
examination revealed a 2 x l-cm firm, erythematous 
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nodule sitting on a plateau of injured skin located on 
the patient's right cheek near the margin of the re- 
cent skin graft (Fig 1). This area corresponded to the 
area of the burn injury that the patient had sustained 
as a child and extended from the zygoma caudally to 
the inferior border of the mandible. Lymphadenop- 
athy was not noted by palpation of the head and neck. 
The remainder of the findings on examination were 
unremarkable. 


Preoperative evaluation included an axial com- 
puted tomography scan of the head and neck, a chest 
radiograph, and hematologic studies, including liver 





Fig 1. Preoperative view of burn scar lesion. Note previ- 


ously skin-grafted area around lesion. 
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Fig 2. Wide local excision of lesion. 


function tests. These studies revealed no evidence 
of regional or distant metastases. Surgery consisted 
of a wide local excision of the entire right facial burn 
scar, encompassing the lesion, along with a superfi- 
cial parotidectomy and a supraomohyoid neck dissec- 
tion (Figs 2 and 3). The skin defect was repaired with 


a full-thickness skin graft obtained from the lower 


abdomen and a cervical advancement flap (Fig 4). 
The patient tolerated the procedure well and had an 
unremarkable postoperative course. 


The final diagnosis was malignant melanoma, 
Clark's level V, Breslow thickness 12 mm. Spindle 
cells, osteoclasts intermingled with osteoid material, 
and numerous giant cells were present on micros- 
copy. Parotid tissue, parotid lymph nodes, cervical 
lymph nodes, and facial lymph nodes were negative 
for tumor. The margins of the excision were also neg- 
ative for tumor. The patient received postoperative 
radiotherapy. The primary site was treated by a right 
lateral field with 12-MeV electrons, and the right side 
of the neck was treated with 9-MeV electrons to a 
total dose of 30 Gy administered in 6-Gy fractions 
twice weekly over 2!/2 weeks. At the time of this re- 
port, 2 years have passed since the surgery, and the 





Fig 3. Intraoperative view of excision. Neck dissection 
and parotidectomy also performed. Note degree of exci- 
sion beyond burn scar lesion. 





Fig 4. Reconstruction of defect with full-thickness skin 
graft from lower abdomen and cervical advancement. 


patient has a well-healed skin graft and no evidence 
of recurrence. Figure 5 shows her appearance at 3 
months after surgery. 


DISCUSSION 


Skin cancer is the most common form of malig- 
nant tumor. Approximately 600,000 new skin can- 
cers are diagnosed and reported in the United States 
each year. Of those, 8046 arise in the head and neck 





Fig 5. Three months after reconstruction. 
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CLINICAL FEATURES OF ACUTE VERSUS CHRONIC 


BURN SCAR CARCINOMAS 
Feature Acute Chronic 
Average lag period (burn to — 3 months 32.5 years 
cancer development) 
Type of burn Superficial Intermediate to 
. deep 
Presentation Nonhealing Nonhealing 
ulcer ulcer 
Most common histologic Basal cell Squamous Cell’ + 
subtype carcinoma carcinoma 
Locoregional lymph node Infrequent — Common 
metastasis 
-Prognosis Good Fair to poor 


area.! The majority of these head and neck skin can- 
cers are basal cell carcinoma. The next most com- 
mon histologic subtype is squamous cell carcinoma. 
Head and neck skin cancers are usually ascribed to a 
combination of solar damage, use of tobacco prod- 
ucts, and genetic or racial predisposition. A small per- 
centage of these lesions arise within skin that has 
been traumatized or is chronically inflamed. 


Published reports have documented cancer devel- 
opment in discoid lupus erythematosus lesions, osteo- 
myelitic scars, amputation stumps, x-ray burns, in- 
sect bites, chronic fistulae, vaccination sites, frostbit- 
ten areas, and other chronic wounds. Burns are the 
most common wounds or scars within which carci- 
nomas arise. Although burn scar carcinomas are more 
common on the extremities, approximately 20% to 
30% of these tumors occur within the head and neck 
area.” 

Origin of Eponym "Marjolin's Ulcer.” Credit for 
the earliest written description of burn scar carcinoma 
is given to Celsus, who in the first century AD de- 
scribed a cancerous ulceration of chronic scar tis- 
sue. The condition does not appear to be mentioned 
again in the medical literature until 1825, when the 
English surgeon Caesar Hawkins described war 
wound burns that later became cancerous in 2 Eng- 
lish soldiers in India. In 1850, the Irish physician 
Robert William Smith described burn scars that had 
undergone neoplastic transformation, and he referred 
to the resulting cancers as *Marjolin's ulcers." This 
term was a reference to an article in the 1828 edition 
of Dictionnaire de Médecine by a Paris surgeon 
named Jean-Nicolas Marjolin, titled "Ulcére." Mar- 
jolin wrote extensively on the subject of trauma- and 
burn-induced skin lesions. Of interest, however, Mar- 
jolin never mentioned the progression from ulcer to 
cancer. Nevertheless, after Smith's article appeared, 
the term *"Marjolin's ulcer" became a synonym for 
carcinomas arising from burn scars and other wounds. 
The interested reader is encouraged to review 2 arti- 
cles by Dr Charles Steffen?^ for a detailed and learned 


description of the origin of the Marjolin eponym. 


In 1866, Broca reported the development of ulcer- 
ation and malignant degeneration in a man who had 
sustained a burn 51 years earlier.? To date, the series 
from Memorial Hospital in New York City reported 
by Treves and Pack? in 1930 represents one of the 
best treatises on burn scar carcinoma. : 


Acute and Chronic Burn Scar Carcinomas. 'Two 
classes of burn scar carcinomas exist: acute burn scar 
carcinomas and chronic burn scar carcinomas (see 
Table). Acute burn scar carcinomas are those that oc- 
cur in wounds within 1 year of the injury, as described 
by Treves and Pack.” (Others have suggested that a 
lag period of 5 years or less is required for a wound 
to be classified as acute.9) Acute carcinomas account - 
for approximately 1346 to 2296 of burn scar carcino- 
mas in the relatively large series from Treves and 
Pack. Acute burn scar carcinomas tend to occur in 
superficial burns that involve a small surface area, 
and they are usually basal cell carcinomas. Superfi- 
cial thermal burns affect only the epidermal layer 
and spare the skin adnexa, such as the hair follicles 
and sweat glands. Chronic burn scar carcinomas, 
which account for approximately 78% to 87% of burn 
scar carcinomas, tend to be well-differentiated squa- 
mous cell carcinomas. In the series of Treves and 
Pack, the average lag period (burn to cancer diagno- 
sis) for chronic burn scar carcinomas was 32.5 years. 
Later studies by Lawrence,’ Giblin et al,? and Novick 
et al? reported mean lag periods of 32, 34, and 42 
years, respectively. 


Pathological Features. Grossly, burn scar carcino- 
mas are often multiplé in the case of extensive scar- 
ring. In large ulcers, the carcinomas will be demar- 
cated by the margins of the ulcer. Two major patho- 
logical subtypes of burn scar carcinoma exist: infil- 
trative (also called ulcerative) and a type with an exo- 
phytic or papillary growth pattern. The ulcerative 
subtype, which occurs far more often than the exo- 
phytic type, is associated with invasion through the 


. subcutaneous fat, fascia, muscle, and, rarely, bone. 


Ulcerative tumors may also metastasize. The epider- 
moid cancer that develops is keratinizing and dem- 
onstrates the characteristic keratin pearls seen in dif- 
ferentiated epithelial cancer, as well as intercellular 
cross-bridging and mitotic figures. In addition, an 
initial lymphocytic reaction occurs that eventually 
yields to a polymorphonuclear process indicative of 
the local infection commonly associated with ulcer 
formation. 


Treves and Pack? reported 28 cases of burn scar 
carcinoma: 21 epidermoid carcinomas and 7 basal 
cell carcinomas. They estimated that squamous cell 
carcinomas arising from burn scars accounted for 2% 
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of the epidermoid skin cancers seen in their practice 
and that basal cell carcinomas arising from burn scars 
accounted for 0.3% of the epidermoid skin cancers 
they saw. | 


The reported rates of regional metastasis at initial 
presentation range from 15% to 35%.%8-10 Metasta- 
sis in burn scar carcinoma appears to be a function 
of the degree of differentiation of the tumor and the 
degree of scar bed formation. For the tumor to me- 
tastasize, it must first break through the thick fibro- 
sis created by the scarring process. Then, once tlie 
tumor has broken through the avascular fibrosis of 
the scar, it must engage the lymphatics, whose net- 
Work has been destroyed by the scarring. Nothing 
indicates that these tumors have an inherently greater 
tendency than other epidermoid carcinomas of the 
skin to metastasize once they have gained access to 
the lymphatics. Therefore, the regional lymphatics 
are the expected drainage level for these cancers. Dis- 
tant metastases are very rare. 


Nearly 95% of burn scar carcinomas are squamous 
cell carcinomas, and about 2% to 3% are basal cell 
carcinomas; burn scar melanomas and sarcomas are 
rare. While melanomas are mentioned often in the 
literature as being the third most common histologic 
diagnosis associated with burn scar carcinomas, we 
have identified only 2 cases of melanoma arising 
within a burn scar in the literature.?:!! Novick et al8 
reported a lesion with both squamous cell carcinoma 
and malignant melanoma arising within a burn scar 
carcinoma. 


Sarcomas have been reported arising from a pre- 
vious burn. Fleming and Rezek!? reported the find- 
ing of a spindle cell sarcoma arising from an old burn 
scar and surmised that the mesenchymal structures 
that approximate the burn are susceptible to malig- 
nant degeneration. After further pathological review, 
the lesion was determined to be a malignant fibrous 
histiocytoma. Another burn scar sarcoma, a high- 
grade malignant fibrous histiocytoma, was described 
as originating from a long-standing ulcer of the great- 
er trochanter of the femur in a patient who had sus- 
tained burns to her waist.!! One case of liposarcoma 
from an untreated neck burn has also been reported. !2 


Race, Gender, and Age Distribution. Malignant 
changes in burn scars may occur in patients of all 
ages. In the classic article of Treves and Pack,? of 
the burn scars that developed into squamous cell car- 
cinomas, 76% were in men and 24% were in women. 
Of the burn scars that developed into basal cell car- 
cinomas, 86% were in men and only 14% were in 
women. These gender distributions are interesting, 
because burn injuries are more common in women 


than in men. These distributions are also interesting 
because they are more heavily skewed toward men 
than is the distribution of epithelial carcinomas of 
the skin.? 


In the series reported by Treves and Pack? the 
mean ages of the 28 patients with burn scar develop- 
ment were 53.5 and 56 years for chronic and acute 
burn scar cancers, respectively. However, the authors 
also found patients with childhood burns who devel- 
oped cancers in their teens and twenties. The authors 
concluded that the age of the scar is more important 
than the age of the individual in determining whether 
cancer will develop. In the relatively modern series: 
of Novick et al? the average age at onset of burn 
scar carcinoma was 58 years. 


Prognosis. The prognosis of burn scar carcinoma 
is directly related to the stage at which the cancer is 
detected. In general, the acute variety of burn cancer 
has a better prognosis owing to the smaller size of 
the tumor, the shallower depth of invasion, and the 
fact that superficial burns tend to transform into basal 
cell carcinomas rather than squamous cell carcino- 
mas.^ The most significant prognostic factor is the 
development of lymph node metastasis. 


Phillips et alf recently published an article that tab- 
ulates the prognostic factors in burn scar carcinoma. 


"Among the factors associated with a good prognosis 


are 1) an acute latency, versus chronic, 2) cancer lo- 
cated in head and neck and upper extremities, versus 
trunk and lower extremities, 3) exophytic versus ul- 
cerative growth pattern, 4) well-differentiated versus 
poorly differentiated histopathology, 5) dense versus 
scant peritumoral T-lymphocyte infiltration, and 6) 
absence of metastases. 


Locoregional recurrences are a relatively common 
event in Marjolin's ulcers, especially squamous cell 
carcinomas. Edwards et all? reported a 52% recur- 
rence rate in their burn scar patients, which 1s con- 
sistent with rates in other reports. These data, when 
compared to those on actinic-induced skin cancer, 
also indicated a much higher rate of recurrence after 
5 years. The survival data from the Edwards et al 
article indicated a 53% 5-year survival rate for burn 
scar carcinoma patients. 


Pathogenesis. Heat or thermal injury has been cited 
as the cause of burn scar carcinoma. The 2 most fre- 
quently mentioned examples of heat-related carcino- 
mas are those arising from the traditional Kashmiri 
custom of "kangri" and the traditional Japanese cus- 
tom of “kairo.” A kangri is an earthenware bowl sur- 
rounded in basketwork that is heated by wood or char- 
coal and worn under a thin garment against the skin 
by the northern Indians and Pakistani of Kashmir to 
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keep warm. The kangri, which is worn against the 
lap area, causes a chronic dermatitis that may degen- 
erate into malignant epithelial carcinoma. The kairo 
is a tin box worn under a kimono and against a shirt 
that contours to the abdomen of the wearer (usually 
a woman). The kairo contains powdered charcoal, 
which when ignited generates heat that lasts for hours. 
The heat in turn can cause a skin cancer that origi- 
nates in the area of the kairo. The kangri and kairo 
burn scar carcinomas share a common causation, 
which is the thermal burn and irritation of the skin in 
the area of the particular utensil.? The custom of kairo 
use has changed with the advent of chemical, dispos- 
able kairos. Whether the newer kairos produce burn 
scar carcinoma has not been determined. 


Edwards et al,!? at M. D. Anderson Cancer Cen- 
ter, compared 2 groups of patients who had suffered 
skin tissue injury secondary to either burns or irradi- 
ation. The hypothesis was that injured skin that un- 
dergoes malignant transformation does so indepen- 
dently of the mechanism of injury. While the results 
indicated similar natural histories and survival rates 
for burn scar carcinomas and skin cancers induced 
by radiation, the study fell short of providing conclu- 
sive evidence that these processes are pathogenically 
identical. Interestingly, this same study examined no- 
dal disease at initial presentation and found that the 
incidence was 27% in burn scar carcinoma but only 
0.596 to 3.396 in actinic-induced carcinomas. This im- 
plies a different pathogenesis based on the mecha- 
nism of injury. 


It is often asked whether a burn scar carcinoma 
would have developed in a particular site even with- 
out an antecedent burn. The answer appears to lie in 
the fact that the distribution of burn scar carcinomas 
does not sufficiently approximate that of normally 
appearing skin cancers. This implies a separate or, at 
the very least, a contributory effect from the thermal 
insult. In 1928, Ewing!^ formulated a set of postu- 
Jates that can be used to establish the relationship 
between trauma and cancer; these may be applied to 
burn scar carcinomas. The modification of Ewing's 
postulates states that there must exist incontroverti- 
ble evidence of the burn, that the cancer must origi- 
nate within the boundaries of the burned area, that 
there must be no precursory or similar neoplasm on 
the site of the burn before the development of the 
cancer, that the histologic variety of the cancer niust 
be compatible with that of the tissues found in ther- 
mal wounds and scars, and that the interval between 
the date of burning and the onset of the cancer must 
be proper. 


Burn scar carcinomas develop because of the 
unique physiology of scar formation and the exter- 


nal pressures exerted on scars. Burn scars differ from 
other wound scars in that the scar is located on the 
surface of the skin, not beneath it. Also, the amount 
of epithelialization that occurs in a burn scar is great- 
er, and the neoepithelium that is formed 1s perturbed 
easily by minor trauma. Virchow's theory of chronic 
irritation holds that the continual cycle of damage 
and repair and persistent wounding may increase the 
likelihood of malignant transformation.? This theory 
fits the initiator-and-promoter model of carcinogen- 
esis, whereby the burn acts as the initiator and the 
repetitive injury serves as the promoter. ? 


Burns around the joints and other flexion and ex- ` 
tension points tend to ulcerate more often than burns 
in other sites because of the tensions generated from 
the scar contractures and the repetitive movement. 
The tendency to ulcerate is further promoted by the 
lack of organization that exists in the scar. The fibro- 
proliferative response in a colonized, if not infected, 
area of tissue with poor vascularization and compro- 
mised nutritional supply creates a chronic ulcer with 
degenerative changes. In addition, cytokines and 
growth factors may further contribute to a selective 
growth advantage of cells with extensive alterations 


. of growth or survival regulatory genes. In the series 


of Treves and Pack, the 6 patients with acute burn 
scar carcinomas never experienced complete wound 
healing before the appearance of the cancers, and in 
certain instances of the chronic burn scar carcino- 
mas as well, the wound never healed before the can- 
cers appeared. None of the 28 patients in the series 
had had. skin grafts.? A hallmark of ungrafted burns 
is the presence of microbial colonization and possi- 
bleinvasive infection. The infection impedes the heal- 
ing process by a prolonged inflammatory response, 
which prevents epithelialization and leads to a chron- 
ic unstable wound. 


It has been hypothesized that the local environ- 
ment surrounding a burn scar carcinoma represents 
an immunologically privileged area not accessible 
to normal immunosurveillance.!6 This hypothesis 
holds that as a result of the dense fibrous scar tissue 
and the altered lymphatic structure, the tumor-specif- 
ic antigens cannot reach the regional nodes, and once 
the tumor reaches the host's system, the local immune 
system becomes overwhelmed.!/ Bostwick et al! 
provide support for this theory of immunologic privi- 
lege by citing 6 cases of Marjolin's ulcer (none in the 
head and neck area) that recurred rapidly and aggres- 
sively with nodal metastasis after excision. Bostwick 
et al also reference a paper by Arons et al!? that de- 
scribes 11 of 15 Marjolin's ulcers of the extremities 
that had adequate treatment but recurred aggressive- 
ly at both local and regional sites and eventually re- 
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sulted in death. 


An interesting article by Crawley et al!’ presented 
qualitative evidence that patients with burn scar car- 
cinoma who had a brisk lymphocytic infiltrate had 
prolonged survival compared with patients whose tu- 
mors lacked lymphocytic infiltration. The authors ex- 
amined 10 patients with burn scar carcinoma with at 
least 1-year follow-up. Eight individuals had had a 
significant immunologic response and were alive; the 
2 who had lacked a significant response were dead; 
and 4 patients with non—scar-related squamous cell 
carcinoma of the skin who had had a significant re- 


" sponse were alive. The authors surmised that this 


lymphocyte response was a direct reflection of the 
competence of the host's cancer surveillance system. 


Given the long lag periods for chronic burn scar 
carcinomas, some have suggested that in fact only 
acute burn carcinomas may be attributable to the heat 
effect and that metagenetic changes may account for 
the development of chronic burn scar carcinoma. 
Lawrence’ purports that the lag period is inversely 
proportional to the age of the patient at the time of 
burn, such that the younger the patient at the time of 


the burn, the longer the delay until onset of the can- 


CCT. 


Prevention. A useful classification system de- 
scribed by Goldblatt recognizes the difference be- 
tween burns that will develop scar formation (type 
1) and those that will not develop scar formation (type 
2)? This simple, practical scheme distinguishes burns 
that will need further treatment such as skin grafting 
and those that will not require further treatment from 
burns that ultimately will not form scars. Burn scar 
carcinomas result from type 1 burns only. The other 
recognized scheme for classifying burns is the Du- 
puytren classification, which focuses on burn depth. 
Burns are classified from first-degree to fifth-degree, 
progressing from superficial to deep. In this classifi- 
cation, a first-degree burn is one that does not scar, 
and a second-degree burn is one that produces only 
superficial pitting of the skin. Third-degree burns are 
superficial and do not demonstrate significant con- 
traction of the wound. Burns that cause thick scar- 
ring and severe contraction are classified as fourth- 
and fifth-degree burns as a matter of degree? Scar 
thickness and degree of contraction are the two fac- 
tors that ultimately predispose burns to the develop- 
ment of carcinoma.? 


Proper management of burn wounds is the corner- 
stone of prevention of burn scar squamous cell car- 
cinoma. Treves and Pack? enumerate 5 measures to 
take to prevent burn scar carcinoma: burn prevention, 
local wound care of the burn scar, promulgation of 


epithelialization, early skin grafting of the burned 
area, and radical excision of a suspicious wound. A 
case can be made that all burn wounds are infected 
or at least colonized with multiple microbial patho- 
gens. Therefore, every effort must be made to pro- 
mote a good bed of granulation at the wound site 
that is acceptable for full-thickness skin grafting. Pus 
and chronic inflammation encourage the formation 
of fibrosis, which delays healing of the wound and 
increases the risk of cancer development. Cultures 
of the wound should be performed, and the appropri- 
ate antimicrobial therapy should be used. Skin graft- 
ing, Which approximates early epithelialization, is a 
profound deterrent to cancer development follow- 
ing burns. In fact, none of the 28 patients treated by 
Treves and Pack who developed burn scar carcino- 
mas had skin grafts. It must be noted, however, that 
Novick et al? reported 5 cases of burn scar carcino- 
ma occurring in sites that had been primarily grafted. 
The details of the grafting technique and success rate 
were not reported. 


Diagnosis. Cancer arising within chronic scar typi- 
cally manifests as a nonhealing ulcer. The malignant 
degeneration usually begins at the margin of the ul- 
cer. The carcinoma will grow slowly and insidiously, 
eccentrically and deeply. Symptoms of chronic burn 
scar carcinoma include pruritis and hyperesthesia. 
Once the ulcer has formed, a burning sensation may 
develop that is associated with lancinating pain. A 
cheesy, malodorous discharge accompanies the ul- 
cer when itis infected. Hemorrhage is an uncommon 
manifestation until the deeper soft tissue structures 
of the muscle, tendon, etc, are invaded. Cancers that 
evolve from burn scars are rarely multiple. Because 
of the focal nature of the disease, only a portion of 
the ulcer is malignant, and the rest remains as a non- 
healing wound. . ' 


Ulcers that develop from other disease entities are 
readily distinguished from burn scar carcinoma. 
However, because the chronic ulcers of burn scar car- 
cinomas are frequently associated with infections, 
biopsy of an infected ulcer may be required to ex- 
clude the diagnosis of cáncer. It is important that bi- 
opsies be performed at both the margin and the cen- 
ter of the lesion to minimize false-negative results. 
Skin manifestations of tuberculosis are rare today and 
usually occur in children, but tuberculosis must al- 
ways be considered in the differential diagnosis of 
burn scar carcinoma. Pseudoepitheliomatous hyper- 
plasia, which is a benign, noninvasive, nonmetasta- 
sizing tumorlike process delimited by a defined base- 
ment membrane, must be excluded diagnostically, 
because it is considered a premalignant condition in 
the progression of traumatic carcinoma.? 
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Treatment. As mentioned, wide local excision fol- 
lowed by full-thickness skin grafting is the treatment 
of choice for burn scar carcinoma. The recommended 
margins of excision are 2 cm.? Treatment of lesions 
in the head and neck may be complicated by the need 
for resection of functional or cosmetically important 
structures to achieve adequate margins of excision. 
Cervical lymph node dissection should be reserved 
for palpable disease. Prophylactic or elective lymph 
node dissection 1s not supported for burn scar carci- 
noma of the head and neck. 


Primary radiotherapy is discouraged for the follow- 
ing reasons: well-differentiated cancers are predis- 
posed to radioresistance; a fibrotic, infected, macer- 
ated tissue bed prevents normal repair of the radio- 
damaged tissue; and radionecrosis, even in the set- 
ting of low-dose orthovoltage and supervoltage, still 
Occurs at an unacceptable rate. Adjuvant radiotherapy 
is feasible and is particularly appropriate in the case 
of positive margins or extracapsular spread of lymph 
node disease. !3 


Ryan et al?? reported 3 cases of Marjolin’s ulcer 
(squamous cell carcinoma) treated effectively with 
topical and injected forms of 5-fluorouracil. These 
authors also report 5 cases of advanced cutaneous 
melanoma (non-Marjolin's ulcer) successfully treated 
with 5-fluorouracil alone and in combination with 
surgery.?! Their theory asserts that 5-fluorouracil pro- 
duces a round cell infiltration that changes the en- 
vironment of the immunologically privileged area 
around the Marjolin's ulcer and sensitizes the host 
immune system. 


SUMMARY 


Burn scar carcinomas are uncommon lesions. Most 


burn scar carcinomas appear around 30 years after 
the burn, and most are squamous cell carcinomas. 
The occurrence of melanoma is very rare. We pre- 
sented a case of malignant melanoma that arose from 
a burn scar 2 years after a squamous cell carcinoma 
had been removed from the same scar. Ulcer forma- 
tion appears to be integral to malignant transforma- 
tion in burn scars, and scar fibrosis of the wound 
appears to be at least partly responsible for the long 
Jag period normally seen between the burn and diag- 
nosis of the cancer. When these lesions metastasize, 
they do so late and very aggressively to regional 
nodes. The most interesting clinical observation to 
date regarding burn scar carcinomas is the rapid de- 
velopment of regional metastases with persistent dis- 
ease that can occur after adequate resection.of the 
carcinoma. 


Early intervention in burn wounds can help pre- 
vent burn scar carcinoma. Wound debridement, an- 
timicrobial measures, and early wound coverage with 
viable biomaterial will protect against the progres- 
sion of malignant transformation. Burn scar carcino- 
mas are aggressive lesions and must be diagnosed 
and treated without delay. Once a malignancy has 
developed, wide local resection of the tumor and the 
burn scar is mandatory. Prompt coverage of the wound 
with a skin graft is important in halting the inflam- 
matory phase of healing. Coverage can include ex- 
cision and closure, skin grafting, and tissue transfers 
to achieve the most functional outcome. Lymph node 
dissection is recommended if there is a high degree 
of suspicion of nodal involvement; lymph node dis- 
section is mandatory in the face of palpable disease. 
Primary irradiation does not appear to be indicated. 
Topical and injectable 5-fluorouracil may be consid- 
ered. i 
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Malignant otitis externa (MOE) is an infection of the external auditory canal that invades the skull base. Aspergillus species 
fungi were the pathological organism in 21 of 23 reported cases of fungal MOE. We report on a 21-year-old man with end-stage 


` acquired immunodeficiency syndrome (AIDS) and fungal MOE caused by Scedosporium apiospermum. Fungal MOE is most com- 


mon in patients with end-stage AIDS and hematologic malignancies. Granulation tissue is not a common finding in these patients, 
and the infectious process often starts in the mastoid air cells or middle ear space, as opposed to the external auditory canal. Surgical 
debridement and amphotericin B are the mainstays of therapy; resolution of the infection depends greatly on the severity of the 


underlying disease. 


KEY WORDS — human immunodeficiency virus, malignant otitis externa, mastoiditis, Pseudallescheria, Scedosporium. 


INTRODUCTION 


Certain unusual infections are becoming more com- 
mon because of an increasing number of patients with 
compromised immune function as a result of hema- 
tologic malignancies and end-stage acquired immu- 
nodeficiency syndrome (AIDS). These immunocom- 
promised patients have been recognized to be at risk 
for malignant otitis externa (MOB), an infection of 
the external auditory canal that invades the skull base, 
although this infection is usually described in patients 
with diabetes mellitus. Pseudomonas aeruginosa 1s 
the most common infecting organism in MOE, but a 
wider spectrum of organisms appears to infect immu- 
nocompromised patients, including some fungal or- 
ganisms. 


Fungal MOE was first described in a granulocyto- 
penic patient with acute myelogenous leukemia by 
Petrak et al! (see Table,!-!8 case 1). A review of the 


literature shows 23 patients with MOE caused pri-’ 


marily by a fungal organism (see Table), with 21 of 
these patients infected by Aspergillus species fungi. 
In this report, we describe a patient with fungal MOE 
infection due to Scedosporium apiospermum, which 
to our knowledge has only been reported twice previ- 
ously (cases 19 and 23).15.18 


CASE REPORT 


A 21-year-old man with a history of hemophilia 
A, human immunodeficiency virus (HIV), and hepa- 
titis C presented with a 2-day history of increasing 
left ear pain and swelling. He had a diagnosis of AIDS 
with a CD4 count of 90 cells per microliter of blood 
and a history of multiple opportunistic infections, in- 


cluding Pneumocystis carinii pneumonia, Nocardia 
pneumonia, Pseudomonas pneumonia, and invasive 
pulmonary aspergillosis. Over the previous 6 weeks, 
the patient had complained of left external auditory 
canal discomfort and bleeding; cultures from the ear 
during this period revealed P aeruginosa, Aspergil- 
lus fumigatus, and S apiospermum. The patient had 
just finished a 2-week course of ceftazidime and to- 
bramycin sulfate for a Pseudomonas pneumonia and 
had been treated for 4.5 months for invasive pulmo- 
nary aspergillosis with liposomal amphotericin B. He 
also reported nasal congestion. 


Examination revealed mastoid tenderness and 
swelling causing protrusion of the ear. A granulation 
polyp was present in the posterior superior quadrant 
of the external auditory canal, adjacent to the tym- 
panic membrane. 


The patient was admitted to the hospital, placed 
on a regimen of intravenous imipenem, tobramycin, 
amphotericin B, and itraconazole, and taken to the 
operating room with a presumptive diagnosis of acute 
suppurative mastoiditis. A simple mastoidectomy and 
nasal endoscopy with culture were performed. Oper- 
ative findings showed devitalized bone, bony erosion 
of the tegmen tympani and the posterior external au- 
ditory canal wall, inflammation of the exposed dura 
mater, multiple pockets of inspissated pus, and granu- 
lation tissue filling the mastoid antrum. A potassium 
hydroxide preparation of the mastoid material showed 
hyphae consistent with a fungal infection. 


Macroscopic and microscopic morphology iden- 
tified S apiospermum as the infecting organism in the 
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FUNGAL MALIGNANT OTITIS EXTERNA CASES REPORTED IN LITERATURE _ _ — — < — MALIGNANT OTITIS EXTERNA CASES REPORTED IN LITERATURE 


(000 — — — — Undedlying ——— f[mctin Infection 
Case | Authors Year Disease Case . Authors Year Disease — , Organism — Antifungal Rx Status Outcome ——— Antifungal Rx Status Outcome 
1 Petrak = ] Petmketal 1985 ‘AML Afumigatus ^.  Ampho  Curd Survivor fumigatus Ampho Cured Survivor 
2 Stanleyetal? 1988 CLL A fumigatus Ampho + Flucyt Cured Septicemia + GI 
3 Cunningham 1988 Aged A fumigatus Ampho Cured CHF 
et al 
4  Bickleyetal^ 1988  Myelodysplasia Aspergillus species Ampho Cured Pneumonia 
5 Menachofand 1990 AML A flavus Ampho Cured AML relapse 
Jackler? 
6 COM A fumigatus None Persistent MI 
7 Phillipsetal© 1990 AML,DM Aspergillus Ampho  Itra Cured AML relapse 
8 uu and 1991 AIDS A fumigatus Ampho — Itra Persistent DOD 
Fine 
9 Reiss et al? 1991 AIDS A fumigatus Ampho —> Itra Cured . Survivor 
10 AIDS A fumigatus Ampho —> Itra Cured Septicemia 
11 Hall and 1993 COM A fumigatus Ampho Cured Lost to F/U 
Farrior? 
12 COM A fumigatus Ampho Cured Survivor 
13 Hannaetal!® 1993 DM A flavus, C ciferri Ampho Cured Survivor 
14 Gordonand 1994 DM A flavus Ampho — Itra Cured Survivor 
Giddings!! 
15 Aged A flavus Ampho  Itra -Cured Survivor 
16 Harleyetal!? 1995 ALL A flavus Ampho Persistent DOD 
17 Bryceetal!3 1997 AIDS A fumigatus Ampho —> Itra Cured Survivor 
18 Ress et al!4 1997 AIDS A fumigatus None . Persistent -DOD 
19 Busabaand 1997 AIDS P boydii Ampho — Itra Cured Survivor . 
Poulin! 
20 Munoz and 1998 AIDS A fumigatus Itra — Ampho Persistent DOD 
Martinez- 
Chamorro!6 
21 Diop et al!’ 1998 AIDS A fumigatus Ampho Persistent DOD | 


22 Slacketall8 1999 ALL 
A niger 


23 AIDS 
24 ‘This report 1999 AIDS 


A flavus, A fumigatus, Ampho  Itra 


$ apiospermum 
$ apiospermum 


Persistent GVHD, DOD 


Persistent LWD 
Persistent DOD 


Ampho + Itra 


Ampho + Itra > 
Ampho + Keto > Mic 


Rx — drugs prescribed, AML — acute myelogenous leukemia, A fumigatus — Aspergillus fumigatus, Ampho — amphotericin B, CLL — 
chronic lymphocytic leukemia, Flucyt — flucytosine, GI — gastrointestinal hemorrhage, CHF — congestive heart failure, A flavus — Aspergil- 
lus flavus, COM — chronic otitis media, MI — myocardial infarction, DM — diabetes mellitus, Itra — itraconazole, AIDS ~~ acquired 
immunodeficiency syndrome, DOD — dead of disease, F/U — follow-up, C ciferri — Candida ciferri, ALL — acute lymphoblastic leukemia, 
P boydii — Pseudallescheria boydii, A niger — Aspergillus niger, GVHD — graft-versus-host disease, S apiospermum — Scedosporium 
apiospermum, LWD — living with disease, Keto — ketoconazole, Mic — miconazole. 


majority of the cultures. Left mastoid cultures grew 
S apiospermum; right nasal cavity cultures grew S 
apiospermum and Staphylococcus aureus; left nasal 
cavity cultures grew $ aureus; sputum cultures grew 
S apiospermum and Candida glabrata; and blood cul- 
tures had no growth. Eight months before the cur- 
rent admission, the patient had had a sputum culture 
that also grew S apiospermum. Experimental suscep- 
tibility testing was performed, and the fungus was 
found to be susceptible to ketoconazole and ampho- 
tericin B but resistant to itraconazole, fluconazole, 
and 5-flucytosine. Miconazole was not tested. With 
these results, the patient was continued .on ampho- 
tericin B and ketoconazole. 


After the operation, the patient's pain improved 
to a manageable level, and he was discharged home 
on postoperative day 5. On postoperative day 6, he 
developed a 50% weakness of his left facial nerve, 
mental status changes, and left ear pain. He returned 
to the hospital on postoperative day 7. Magnetic reso- 
nance imaging showed no brain invasion, but dural 
enhancement was noted in the region overlying the 
mastoid cavity. Because of the patient's somnolence 
and facial nerve weakness, a reexploration of the mas- 
toid cavity with facial nerve decompression was con- 
sidered. After extensive discussion, it was decided 
that aggressive surgical intervention was not in the 
patient's best interest because of the advanced stage 
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of his disease. 


With the progression of the infection and reports 
that miconazole was effective against S apiosper- 
mum,}° the patient was started on a regimen of intra- 
venous miconazole imported from Japan, as it is not 
available in the United States. The patient developed 
intractable pain in his left ear despite use of fentanyl 
patches and intravenous morphine. The patient was 
taken back to the operating room on postoperative 
day 8 in an attempt to palliate his pain. Operative 
findings showed extensive blood clot and debris fill- 
ing the mastoid cavity, but no anatomic evidence of 
infection progression. After the second procedure, 
the patient reported continued left facial nerve palsy 
and left ear pain. The miconazole caused intolerable 
nausea and vomiting. As a result of the severe pain 
and nausea, the patient's family elected to stop the 
miconazole and take him home. The patient died of 
his infection approximately 2 weeks later. 


Standardized sensitivity regimens have been de- 
veloped for testing yeast; however, no standard ex- 
ists for filamentous fungi such as S$ apiospermum. 
Our patient’s fungal specimen was sent to the Insti- 
tute for Medical Research at the Santa Clara Valley 


. Medical Center in San Jose, California, for experi- 


mental sensitivity testing. This testing required 12 
days and showed this patient's strain of $ apiosper- 
mum to be susceptible to miconazole and resistant to 
itraconazole, fluconazole, amphotericin B, and keto- 
conazole. At the time that this information became 
available, the patient had already failed a trial of mi- 
conazole, so no further interventions were taken. 


REVIEW OF LITERATURE 


In the 23 reports in the literature of fungal MOE, 
21 of the fungal organisms identified were Aspergil- 
lus species (see Table). Aspergillus fumigatus was 
present in 13 cases, Aspergillus flavus in 5 cases, A 
flavus, A fumigatus, and Aspergillus niger in | case, 
unidentified Aspergillus species in 2 cases, Pseudal- 
lescheria boydii in 1 case, and S apiospermum in 1 


case. Scedosporium apiospermumis commonly found 


in the soil and is the most frequent organism isolated 
from mycetoma in Europe and the Americas.?? Sce- 
dosporium apiospermum is the asexual or anamorph- 
ic state of P boydii.2° 


In these case reports, the primary therapy included 
debridement of the infected mastoid cavity and treat- 
ment with antifungal agents. Amphotericin B was the 
primary antimicrobial agent. In 10 cases, however, 
amphotericin B was changed to oral itraconazole be- 
cause of the toxicity of amphotericin B (cases 7, 8, 
14, 15, and 17), the sensitivity of the organism to 
itraconazole (cases 19 and 23), or the need for pro- 


longed therapy (cases 9, 10, and 22). Seven of these 
10 patients were cured with the itraconazole regimen 
(see Table). Scedosporium apiospermum has been 
shown to be resistant to amphotericin B in vitro, but 
has shown sensitivity to itraconazole and micona- 
zole.1? 


Fungal MOE differs in many ways from bacterial 
MOE. Diabetes mellitus is not as prevalent in the 
fungal MOE patients; only 3 of the 23 patients had a 
history of diabetes (see Table). The most common 
underlying diseases were AIDS (8 of 23 patients) and 
hematologic malignancies such as leukemia and mye- 
lodysplasia (7 of 23 patients; see Table). 


In most bacterial MOE patients, granulation tissue 
is found at the floor of the external auditory canal at 
the bony cartilaginous junction, but in fungal MOE 
patients, granulation tissue was noted in only 8 of 
the 23 patients (cases 3, 4, 7, 14, 15, 19, 20, and 23). 
Previous reports have shown that granulation tissue 
is not prevalent in AIDS patients with MOE.!4 The 
presence of granulation tissue in fungal MOE ap- 
pears to be a favorable prognostic indicator. Six of 
the 8 patients with granulation tissue in the external 
auditory canal were cured of their infections (cases 
3, 4, 7, 14, 15, and 19); 1 of the 8 1s living with dis- 
ease (case 23); and only 1 of the 8 died of the fungal 
MOE (case 20). Interestingly, the 7 patients cured or 
living with disease were less immunocompromised 
than the patient in case 20, who had end-stage AIDS 
and died of the fungal MOE. One patient had acute 
myelogenous leukemia and diabetes mellitus (case 
7), 1 had myelodysplasia (case 4), 2 had AIDS (cases 
19 and 23), 1 had diabetes mellitus only (case 14), 
and 2 had no history of compromised immune status 
(cases 3 and 15). Granulation tissue may represent 
an ability to mount an immunologic response, thus 
inhibiting the growth of the fungal organism. 


Bacterial MOE appears to start in the external au- 
ditory canal, whereas fungal MOE often occurs with- 
out evidence of infection in the external auditory ca- 
nal; it has been presumed to originate in the mastoid 
air cells or middle ear. Only 10 of the 23 patients 
with fungal MOE initially presented with otitis ex- 
terna without signs of middle ear or mastoid involve- 
ment (cases 1, 4, 7, 13, 15, 16, 19, 20, 22, and 23). 


Six patients died of uncontrolled fungal infection. 
All 6 of these patients were young (14, 20, 21, 27, 
27, and 41 years of age in cases 22, 16, 21, 8, 20, and 
18, respectively) and were severely immunocompro- 
mised (4 with end-stage AIDS, 1 with severe neutro- 
penia from chemotherapy for acute lymphoblastic 
leukemia, and 1 with graft-versus-host disease fol- 
lowing bone marrow transplantation). An additional 
7 patients died of other causes within a year of their 
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fungal MOE. Three succumbed to opportunistic in- 
fections (cases 2, 4, and 9), 2 to leukemic relapses 
(cases 5 and 7), and 2 to cardiac disease (cases 3 and 
6). All 13 patients who died were either severely im- 
munocompromised or had significant comorbid dis- 
ease. Overall, survival appeared to be correlated with 


the severity of the underlying disease, rather than with . 


any particular therapeutic regimen. 


Our case of S apiospermum infection in the mas- 
toid air cells is consistent with the data from other 
fungal MOE cases. Our patient had end-stage AIDS, 
succumbed to his disease at a young age (21 years), 
and had an infection that we suspect originated from 
his mastoid air cells. Contrary to the other. fungal MOE 
cases, our patient had granulation tissue in his mas- 
toid air cells, but was not able to mount a sufficient 
immunologic response to rid himself of the infection. 
Overall, our patient's death was probably related more 


tothe severity of his immunocompromised status than 
to his particular infection. 


CONCLUSION 


Fungal MOE has been reported in 23 patients in 
the literature, and most of these patients were infected 
by fungi from the Aspergillus genus. Fungal MOE 
occurs most commonly in end-stage AIDS patients 
and patients with hematologic malignancies. With 
fungal MOE patients, granulation tissue is not as 
common a finding as in bacterial MOE, and the in- 
fectious process often starts in the mastoid air cells 
or middle ear space as opposed to the external audi- 
tory canal. Surgical debridement and amphotericin 
B are the mainstays of therapy, but long-term sur- 
vival depends greatly on the severity of the underly- 
ing disease. We have described the 24th patient in the 
literature with fungal MOE, and reported on the third 
case of fungal MOE due to S apiospermum. 
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Chylothorax is a serious condition with a high rate of morbidity that may lead to death. Although it is encountered more fre- 
quently with certain thoracic procedures, it 1s considered to be a rare complication of neck dissection. Different forms of manage- 


 . ment have been postulated; however, no consensus of treatment has been achieved. A case of severe bilateral chylothorax that 


developed after bilateral neck dissection in a patient with laryngeal carcinoma is presented. Somatostatin injection was successful 
after total parenteral nutrition failed to control the chylothorax. On the basis of this case and the review of the literature discussed 
here, we advocate the use of somatostatin with other conservative measures in the management of chylothorax. 


KEY WORDS — chylothorax, neck dissection, somatostatin. 


INTRODUCTION 


Chylous fistula is a well-known complication of 
neck dissection that occurs in 1% to 2% of cases. 
Chylothorax, on the other hand, is a serious compli- 
cation that occurs very rarely after neck dissection. 12 
Chylothorax was first described in 1907 by Stuart.? 
since then, fewer than 20 cases have been reported 


in the literature. Many mechanical, nutritional, and 7 
immunologic complications can develop secondary . 


to chyle effusion in the pleural space.* 


The key to understanding the pathophysiology of 
chylothorax is to know the anatomy of the thoracic 


duct,? which is the final common pathway for most . 


of the lymphatic drainage of the body. It arises from 
a triangular dilation called the cisterna chyli at the 
level of the second lumbar vertebra, then enters the 
thorax through the aortic hiatus and extends extra- 
pleurally. The course continues superiorly into the 
posterior mediastinum to the right of midline between 
the aorta and the azygos vein. At the level between 
the fourth and the sixth thoracic vertebrae, the duct 
crosses to the left behind the esophagus and enters 
the left posterior mediastinum, where it lies behind 
the aortic arch and the subclavian vein. The duct exits 
the chest through the superior thoracic aperture and 
enters the root of the neck. As the duct enters the 
base of the neck, it lies behind the left common ca- 
rotid artery. From this deep position, the duct arches 
upward, forward, and laterally and emerges between 
the left common carotid and left subclavian arteries. 
Here, it arches above the level of the subclavian ar- 
tery and passes between the internal jugular vein and 
the anterior scalene muscle to terminate at the junc- 


tion between the left internal jugular and subclavian 
veins. In more than 40% of individuals, there are 2 
or more divisions in the thoracic duct prior to its ter- 
mination.>:7-!0 The duct may loop high into the neck 
and then downward, or may not rise above its level 
of termination. 


CASE REPORT 


A 70-year-old man who was a heavy smoker and 
an ex-alcoholic presented to our head and neck tu- 
mor clinic with a 6-month history of dysphonia and 
progressive shortness of breath. A full workup and a 
biopsy of a laryngeal lesion revealed squamous cell 
cancer of the larynx (T3N2cMO). Because of the ob- 
structive tumor and progressive shortness of breath, 
the patient underwent an emergency tracheotomy be- 
fore the total laryngectomy and bilateral modified 
neck dissection. During the left neck dissection, in- 
advertent injury to the thoracic duct resulted in leak- 
age of a milky fluid. This was managed during the 
procedure by identifying and ligating the duct with a 
2-0 silk suture. The site was reinforced by suturing 
the sternocleidomastoid muscle to the underlying 
paravertebral muscles. At the end of the procedure, 
the site of the leak was inspected, and positive pres- 
sure ventilation was used to confirm its closure. Two 
closed suction drainage systems were inserted into 
the neck, one on each side. The patient was trans- 
ferred to the intensive care unit for monitoring, and 
spent an uneventful 24 hours. A chest radiograph tak- 
en within the first 24 hours of surgery did not reveal 
any abnormality. Feeding through a nasogastric tube 
was introduced on the second postoperative day. On 
the third postoperative day, the patient complained 
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Fig |. Chest radiograph of patient shows large bilateral 
pleural effusion on third postoperative day. 


of breathing difficulty, and O2 desaturation was noted. 
The heart rate was raised to 100 to 200 pulses per 
minute, and the blood pressure to 170/100 mm Hg. 
A chest radiograph revealed extensive bilateral pleu- 
ral effusion (Fig 1). The patient was returned to the 
intensive care unit, where bilateral chest tubes were 
inserted. The left chest tube drained 1,800 mL of mil- 
ky fluid, and the right, 1,500 mL. The vital signs of 
the patient normalized shortly after the drainage of 
the pleural effusion. Laboratory analysis of a sample 
of the drained fluid confirmed its chylous nature. The 
patient was kept fasting for 2 days and was then in- 
troduced to total parenteral feeding with no fat con- 
stituents. 


Close monitoring of the chyle leak showed an ini- 
tial decrease in the leakage, but it increased on the 
I2th postoperative day. The patient never had any 
chyle accumulation in or drainage from the neck. We 
decided to start somatostatin injection as a last at- 





_ 3000 

g 2500... : = 

= ar: omatostatin 

x 2000 : rey 

o 1500 

d 

@ 1000 

= 500 

O 0 C» 
WU. Em Ne. dee oem c cde ues. uae = 
oH FO = 49 OK G 


Postoperative Day 


Fig 2. Daily amounts of chyle drainage from left (dotted 
line) and right (solid line) chest tubes. Note starting day 
of total parenteral nutrition (TPN) and starting day of 
somatostatin. 
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Fig 3. Follow-up chest radiograph taken | week after re- 
moval of chest tubes reveals no pleural effusion. 


tempt for conservative treatment of the chylothorax 
before surgical exploration. Somatostatin was intro- 
duced on the 13th postoperative day as 100-mg sub- 
cutaneous injections given 3 times a day. Soon there 
was a drastic improvement and a decrease in chyle 
leakage (Fig 2). On the 16th postoperative day, the 
total parenteral nutrition was discontinued and a regu- 
lar diet was introduced without any noticeable in- 
crease in chylothorax. The chest tubes were removed 
on the 20th postoperative day. One week later, chest 
radiography showed no evidence of chyle in the pleu- 
ral space (Fig 3). 


DISCUSSION 


The causes of chylothorax can be classified as trau- 
matic, obstructive, or congenital. Traumatic causes 
are considered to be the most common and can be 
accidental or iatrogenic.!'.!? Iatrogenic chylothorax 
is a potential risk in procedures involving the tho- 
rax, but is less common in radical neck dissection. 
Twenty percent of traumatic chylothoraces are sec- 
ondary to penetrating or blunt injuries to the neck or 
chest.!? Obstruction of the thoracic duct lumen can 
be intrinsic or extrinsic. An enlarged lymph node or 
tumor mass can compress the duct externally and ob- 
struct the lymph flow.!4!/ Infiltration of the thoracic 
duct by neoplastic cells can also cause obstruction 
of the duct with subsequent chylous effusion. In ei- 
ther case, intraductal pressure increases. This ren- 
ders lymphatic valves incompetent, resulting in re- 
gurgitation of the lymph flow that ultimately drains 
into the pleural space.'* Congenital chylothorax is a 
very rare entity. It is usually idiopathic, but may be 
associated with Down syndrome and Noonan's syn- 
drome.!*5 
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In the case reported, the exact pathophysiology of 
the chylothorax is unknown. It could have been due 
to direct leakage from the injured thoracic duct at 
the base of the neck, or the complete obstruction of 
lymph flow from the thoracic duct ligation and sec- 
ondary extravasation of lymph into the pleural space. 
The latter mechanism 1s, however, highly likely, giv- 
en no leakage from the neck despite a suction drain 
and no chylothorax on the first postoperative day. In 
addition to the increase in the intraductal pressure, 
the negative pressure during inspiration makes the 
extravasation lower, in the mediastinum rather than 
in the neck. This factor may explain the absence of a 
chyle leak in the neck.!? The chylous accumulation 
in the mediastinum soon penetrates into the pleura 
through the high hydrostatic pressure and the inflam- 
_ mation that the chyle has induced.!? Alternatively, 
the chyle can also extravasate directly through the 
dilated intrapulmonary lymphatic vessel and enter 
the pleural space, resulting in chylothorax.!7.29 


The first step in the management of chylothorax 
is to establish the proper diagnosis.!9:212^ This re- 
quires a high index of suspicion in postoperative 
cases in which a high level of fluid output from the 
neck is noted. Certain tests can confirm the diagnosis 
of chylothorax on the basis of its constituents. Sudan 
III is a stain that has a high affinity for fat globules 
and can be used to confirm the nature of the chyle.*° 
Lipoprotein electrophoresis of a sample of the effu- 
sion will demonstrate a chylomicron band and is in- 
dicative of chyle.26 Measurement of triglycerides in 
the chyle will reveal a higher level than in the corre- 
sponding plasma.”° A triglyceride level of 2110 mg/ 
dL strongly suggests chylous effusion.!5:26 Addition- 
. ally, the cholesterol-to-triglycerides ratio will be «1.26 
Enteral administration of cream induces an increase 
in chyle flow and hence causes an increase in the chyle 
leak.2127 


Pleural chylous effusion can compress the vital 
structures within the thoracic cage, such as the lungs 
and the heart. If the effusion exceeds a certain limit, 
the patient will have symptoms and perhaps signs 
such as hypoxia and cardiac arrhythmias. If the pa- 
tient is symptomatic or decompensated, a chest tube 
or multiple thoracenteses can be used to decompress 
the pleural cavity. 


The loss of nutritional elements, such as proteins 
and fat-soluble vitamins, with drainage of chylous 


effusion can result in severe nutritional depletion with 
a negative impact on healing. Management should 
be aimed at monitoring and replacing fluids, electro- 
lytes, and other nutritional requirements. A medium- 
chain triglyceride diet is an invaluable fat source that 
can be used to nourish a patient with chylothorax.?5 
These triglycerides are absorbed directly in the por- 
tal system without being absorbed into the splanch- 
nic vessels.!? However, since enteral rest per se is 
also required to decrease the chyle flow and leak, 
the success rate of the medium-chain triglyceride diet 
is variable. Alternatively, total parenteral nutrition 
with a low-fat formula usually allows spontaneous 
cessation of the chyle drainage.?? 


Because chyle contains large numbers of leuko- 
cytes (400/mm? to 6,800/mm?), chylothorax may re- 
duce the count of inflammatory cells to very low lev- 
els and result in severe immunodeficiency. 18:21:24 In 
this situation, infectious surveillance should be main- 
tained.^ Intrapleural infections are infrequent, be- 
cause of the bacteriostatic properties of the chyle.?? 


some authors recommend surgical correction of 
chylothorax, especially in malnourished and debili- 
tated patients. Thoracotomy with ligation of the duct 
at the site of injury or at the hiatus was the standard 
procedure for many years.312? Some reports have de- 
scribed the success of injection of fibrin glue into the 
pleural cavity.??24 Thoracoscopic ligation has also 


. beenused with encouraging results.?? There is no con- 


sensus on the timing of surgical correction. In general, 
a chyle leak of more than 1 L/d for 5 days,?!.2736 a 
chyle leak that persists for 2 weeks in spite of con- 
servative management, loculated chylothorax, an 
incarcerated lung,’ and development of severe meta- 
bolic complications?^5? are all indications for surgi- 
cal correction of chylothorax. 


Somatostatin has been used in the conservative 
treatment of chylothorax.?? Somatostatin reduces the 
lymph flow within the thoracic duct in animals.*° It 
also causes a decrease in the hepatic venous pres- 
sure gradient and a mild but sustained decrease in 
the splanchnic blood flow without interfering with 
systemic hemodynamics.?14! In the case reported 
here, somatostatin caused a drastic improvement in: 
the chylous effusion in a short period of time, and no 
side effects developed from its use for 1 week. This 
outcome is consistent with the literature regarding 
the role of somatostatin in the treatment of chylotho- 
rax. 
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NON-INFLATABLE STERILE SHEATH FOR INTRODUCTION OF THE 
FLEXIBLE NASOPHARYNGOLARYNGOSCOPE 


HARVEY D. SILBERMAN, MD 
PHILADELPHIA, PENNSYLVANIA 


Since the inception of the flexible nasopharyngolaryngoscope, sterility has been a primary concern. The increased incidence of 
hepatitis, tuberculosis, and acquired immunodeficiency syndrome has raised the fear of cross-contamination. Sterilization requires 
the use of ethylene oxide, which is economically disadvantageous, forcing most practitioners to disinfect rather than sterilize their 
nasopharyngolaryngoscopes. A presterilized, disposable sheath was designed in 1993. The system was cumbersome, because it 
required an air pump. Thus, it was not adopted by the majority of physicians. As a result, the manufacturer developed a new system, 
which I evaluated. It is cost-effective, smoother-surfaced, 70% thinner-walled, and much simpler to use. The disposable, single-use 
sheath is sterile, with no need for a pump or any additional device, and can be used anywhere at any time. I believe it will become the 
standard method for sterile introduction of the nasopharyngolaryngoscope. 


KEY WORDS — endoscope, flexible scope, nasopharyngolaryngoscope, sterile sheath. 


In an otolaryngology office, the nasopharyngola- 
ryngoscope is an indispensable diagnostic tool. The 
constant use of this instrument engenders the risk of 
cross-contamination. Few studies have been under- 
taken to measure the degree of transference of infec- 
tion. Because of this lack and the fact that the naso- 
. pharyngolaryngoscope has no operating channel, 
many are lulled into a false sense of security. 


Some otolaryngologists use only a cursory wash 
of the nasopharyngolaryngoscope between patients. 
Endoscopes come into contact with blood, mucus, 
and tissue debris. Fortunately, the majority of otolar- 
yngologists realize that a higher level of cleansing is 
necessary and rely on disinfection or true steriliza- 
tion. 


Disinfection techniques have major drawbacks. 
The scopes are washed thoroughly and then soaked 
for 30 minutes in glutaraldehyde or similar solutions. 
Over the years, constant cleaning and soaking of na- 
sopharyngolaryngoscopes causes the covering to 
slowly degrade, resulting in cracks and crevices that 
potentiate destruction of the scope, specifically at the 
distal flexing portion. The cracks and crevices can 
act as collecting points for bacteria and viruses, much 
as a channel will in other types of flexible endo- 
scopes. Kaczmarek et al! have shown that indeed, 
there can be a breakdown in disinfecting techniques, 
with persistent contamination of endoscopes. With- 
out question, this poses a great potential threat to our 
patients. | 


The time demands of the glutaraldehyde technique 
cause the nasopharyngolaryngoscope to be out of ser- 


vice, thus requiring multiple instruments. In truth, 
the technique only provides high-level disinfection, 
and not sterilization.? Working with glutaraldehyde 
can also be hazardous to health workers. In fact, there 
have been reports of allergic reactions such as asthma 
and rhinitis with exposure to glutaraldehyde.? Anoth- 
er option is the Steris system, which also claims ster- 
ilizzation. In the final analysis, however, this may only 
provide disinfection for the practitioner.^ 


True sterilization is the goal for all physicians. In- 
deed, ethylene oxide does provide a truly sterile naso- 
pharyngolaryngoscope, but the downtime of the in- 
strument is prohibitive. Frequently, the scope is un- 
available for an entire practice day because of the 
aeration requirements. 


In 1993, we introduced a new method of sterile 
introduction of the flexible nasopharyngolaryngo- 
scope.? The technique used a presterilized plastic 
sheath that was designed to fit over the flexible naso- 
pharyngolaryngoscope. This sheath had to be prein- 
flated so that the scope could be slipped into and out 
of it. A small pump performed the inflation and de- 
flation of the sheath. In their extensive study of uni- 
versal precautions for the otolaryngologist, Murr and 
Lee? recommended the use of the flexible scope with 
the EndoSheath cover. 


Some problems arose with the use of the sheath. 
Difficulties were encountered in using the pump. The 
requirement of the pump made performing bedside 
upper endoscopy with the flexible nasopharyngola- 
ryngoscope logistically difficult. It was necessary to 
carry not only the scope and a light source, but also 
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the pump, which was the heaviest and most cumber- 
some part of the equipment. Occasionally, the sheath 
was difficult to remove because of problems with 
the seal. Despite these disadvantages, the EndoSheath 
system was the simplest and best way to maintain 
both sterility and rapid turnaround time for the oto- 
laryngologist. 


The use of the pump to inflate the EndoSheath was 
deemed to be the biggest problem of the EndoSheath 
system. The manufacturer was aware of the limita- 
tions of the original EndoSheath system, but strongly 
believed in the importance of the sterile EndoSheath. 


After several years of research and development, 
the new, user-friendly, protective Slide-On system 
was designed. I clinically evaluated the new sheath. 
It is designed to fully enclose the entire length of the 
insertion portion of the nasopharyngolaryngoscope 
(see Figure, A). It is more cost-effective because of 
its short downtime, has a smoother surface, is 70% 
thinner, and fits snugly over the optical end of the 
nasopharyngolaryngoscope. The sheath is constructed 
from non-latex materials and is compatible with com- 
monly used water-based lubricants and topical anes- 


Non-inflatable sterile sheath for introduction 
of flexible nasopharyngolaryngoscope. A) Af- 
ter many years of research and development. 
new, user-friendly, protective Slide-On system 
was designed. It is designed to fully enclose 
entire length of insertion portion of nasopha- 
ryngolaryngoscope. B) Illustration shows endo- 
sheath in place. It has smoother surface, is 70% 
thinner, and fits snugly over optical end of naso- 
pharyngolaryngoscope. Sheath has excellent 
optical qualities, and image is not degraded. 
C) New Vision Sciences ENT Scope has built- 
in interface that optimizes secure attachment 
of sheath. However, sheaths are available that 
fit onto strain relief of flexible nasopharyngo- 
laryngoscopes that are marketed by most ma- 
jor manufacturers. 


thetics. It has excellent optical qualities, and the im- 
age is not degraded (see Figure, B). The disposable, 
single-use sheath is sterile, is individually prepack- 
aged, and easily slides on and off the flexible scope, 
with no need for a pump or any additional device. 
The sheaths can be used anywhere at any time. 


The sheath was tested by an independent labora- 
tory according to the US Food and Drug Admin- 
istration Guidance Document for ENT Endoscope 
Sheaths with Protective Barrier Claims (October 21, 
1996) and was proved to be an effective barrier to 
microorganisms as small as 27 nm. 


The new Vision Sciences ENT Scope has a built- 
in interface that optimizes the secure attachment of 
the sheath (see Figure, C). However, sheaths are 
available that fit onto the strain relief of flexible naso- 
pharyngolaryngoscopes that are marketed by most 
major manufacturers. 


Beginning on April 6, 1999, a study was performed 
on 50 volunteer subjects to evaluate the safety, ease 
of use, and comfort obtained with the new non-in- 
flatable EndoSheath. Having used the nasopharyngo- 
laryngoscope both without a sheath and with the in- 
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NASOPHARYNGOLARYNGOSCOPY WITH NEW, NON-INFLATABLE STERILE ENDOSHEATH 


Parameters Studied 





Image clarity through sheathed nasopharyngolaryngoscope 
Illumination during procedure 
Uniformity of illumination during procedure 


Lack of fogging of distal tip of sheathed scope versus unsheathed scope 
Ease of passage and feel of sheathed nasopharyngolaryngoscope 


Flexibility of sheathed scope during procedure 
Ease of distal tip angulation during procedure 
Ease of EndoSheath installation and removal 
Overall impression of new EndoSheath system 

















Below Above 
Poor Average Average Average Excellent 
I3 37 
| 14 35 
l 13 36 
3 17 30 
| l | 18 29 
l | 14 34 
l 2 16 3l 
2 l 2 5 40 
l | 12 36 


Based on author's evaluation of procedure in 50 volunteers, none of whom had to withdraw because of discomfort. 


flatable sheath for some time, I basically wanted to 
evaluate its use with the new non-inflatable Endo- 
Sheath. The parameters evaluated during this study 
are noted in the Table. 


As one can see from the results of the tests, the 
noninflatable EndoSheaths worked extremely well. 
There were few unfavorable experiences. There were 
3 instances of difficulty in removing the sheaths, re- 
sulting in ratings of “poor” or “below average." They 
all occurred early in the study and happened when 
the tester mishandled the sheath on its removal from 
the scope. The 2 cases of difficulty in passing the 
nasopharyngolaryngoscope were in patients who had 
extremely dry mucosa as a result of systemic dis- 
ease or radiotherapy. This problem can occur with 
or without a sheath. I have found that simply wet- 
ting the instrument with water resolves the problem. 
There were no instances of sheath rupture during use. 
According to the sheath manufacturer's instructions, 
if a rupture is suspected, or moisture is observed on 
the insertion portion of the scope upon removal, the 





scope must be disinfected or sterilized according to 


the scope manufacturer's instructions. The use of 


non-petroleum-based lubricants should be avoided, 
if possible, since they frequently are wiped over the 
optical erid of the scope, blurring vision. 


The results of the study make true sterility of the 
nasopharyngolaryngoscope a viable option for the 
physician. The new, non-inflatable EndoSheath sys- 
tem is a vast improvement over its predecessor. It 
took, on average, 15 seconds to install and 5 seconds 
to remove. I have found the new protective Slide-On 
EndoSheath easy to work with in the office. The use 
of the sheath did not impinge upon the diagnostic 
parameters of the nasopharyngolaryngoscope. It also 
provided for a convenient, portable, sterile system 
in the hospital setting. This is especially important 
in view of the mounting incidence of methicillin-re- 
sistant organisms. I recommend the new Slide-On, 
sterile, disposable EndoSheath as the simplest meth- 
od for true sterilization of the nasopharyngolaryngo- 
scope. 
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INTRODUCTION 


The current approach to management of deafness 
in childhood is to identify the cause of the auditory 
deficit and its exact location. It then becomes neces- 
sary for otolaryngologists and audiologists to assess 
cochlear nerve integrity before selecting any thera- 


‘peutic options. To date, cochlear nerve hypoplasia 
or aplasia has been known to occur concomitantly 


with an internal auditory canal (TAC) whose diam- 
eter is below normal limits, ie, 4 mm.! This associa- 
tion has been strongly supported by several studies 
that reported cochlear implant failure in the presence 
of a stenotic IAC.?-4 


This report describes a case of unilateral total deaf- 
ness related to cochlear nerve aplasia. The findings 
described contradict some recognized opinions. The 
radiologic findings are discussed and compared to 
the electrophysiological data. © 


CASE REPORT 


A 7-year-old boy, referred by the neurosurgery 
department, had received a diagnosis of Dandy- Walk- 
er syndrome and had undergone operation for hydro- 
cephalus 1 year earlier. He recovered completely from 
all of his neurologic symptoms, but reported unex- 
plained hearing disorders. 


At the physical examination, the otologic and head - 


and neck status was unremarkable. The facial nerve 
function was unimpaired and symmetric. There were 
neither syndromic deafness stigmas nor a family his- 
tory of hereditary sensorineural hearing loss. The child 
had never had mumps. No more gait disturbance or 
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vertigo had occurred since the surgery. A perilymph 
fistula test was negative. No symptoms of ear full- 
ness or pressure were reported, and the boy was free 
of tinnitus. The child’s only complaint was that he 
continued to experience some degree of hearing im- 
pairment; however, he could not identify on which 
side the impairment was located. 


The results of audiological testing were as follows: 
pure tone audiometry and speech testing showed to- 
tal deafness on the right side, but normal hearing 
thresholds in the left ear. Objective auditory mea- 
sures confirmed the unilateral deafness. However, 
they attested that outer hair cell function was present 
and normal on both sides. Although brain stem audi- 
tory evoked potential testing failed to elicit any iden- 
tifiable waveforms in the right ear (Fig 1A), transi- 
ently evoked otoacoustic emission testing demon- 
strated the existence of normal cochlear emissions 
with an excellent response reproducibility across the 
frequency spectrum between 1.0 and 5.0 kHz (Fig 
1B). The overall average transiently evoked otoacous- 
tic emission amplitude (root mean square amplitude) 
corresponding to the sum of echo power in the whole 
frequency range of the power spectrum was of 14.6 
dB sound pressure level. Audiological assessments 
therefore provided 2 possible explanations for the 
right-sided hearing loss. First, the hearing impair- 
ment could have been of retrocochlear origin. Sec- 
ond, there could have been a total loss of inner hair 
cells with a normal auditory nerve. 


The child’s medical examination was completed 
with vestibular laboratory tests. The findings of ocu- 
lar motor testing, which included saccadic testing, 
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Fig 1. Electrophysiological testing performed on right ear. A) Brain stem auditory evoked potentials are absent on 2 successive 
recordings performed with stimulus intensity of 100 dB normal hearing level. B) Transiently evoked otoacoustic emissions 


clearly demonstrate existence of cochlear emissions. 


sinusoidal pursuit tracking, and optokinetic testing, 
were entirely normal. Neither spontaneous nor posi- 
tional nystagmus was recorded. Rotational testing of 
the vestibulo-ocular reflex (VOR) did not show any 
directional preponderance, and showed a VOR gain 
within normal limits. In addition, bithermic caloric 
testing indicated that the vestibular function was sym- 
metric, without any vestibular paresis. 


To assess the inner ear morphology, we performed 
a computed tomography (CT) scan of the temporal 
bones with 1-mm-thick slices (GE High Speed CT/i, 
Milwaukee, Wis). Computed tomography allowed 
verification of the cochlea's integrity, ruling out the 
hypothesis of a right-sided inner ear malformation. 
A well-developed IAC was clearly visualized on both 
sides (Fig 2). Magnetic resonance imaging (MRI) 
studies, performed on Magnetom Vision at 1.5 T (Sie- 
mens, Erlangen, Germany), were used to investigate 


the child's unilateral, presumably retrocochlear, deaf- 
ness. No labyrinthitis, neuritis, or enhancing lesion 
of the posterior fossa was detected on either T1- or 
T2-weighted spin echo studies. The endolymphatic 
duct and sac were not enlarged. Selective (0.7-mm) 
3-dimensional Fourier transformation—constructive 
interference in steady state slices were also acquired, 
providing the best existing MRI sequence for study 
of the cochleovestibular nerve.? Surprisingly, the right 
eighth nerve was severely hypoplastic, despite the 
presence of a well-developed IAC. If the vestibular 
branch was delineated, no cochlear branch could be 
individualized (Fig 3). Conversely, the left cochleo- 
vestibular nerve was normal ( (Fig 4). Since the child's 
hearing impairment was strictly unilateral, no social 
or cognitive consequences were detected. 


DISCUSSION 
It is commonly accepted that cochlear nerve agen- 





Fig 2. Axial I-mm-thick computed tomography slices obtained on A) right side and B) left side. Note that 


dimensions of internal auditory canal are within normal | 


imits (arrows). 
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Fig 3. Axial 0.7-mm-thick 3-dimensional Fourier transformation-constructive interference in steady state consecutive 
sections acquired at level of right cerebellopontine angle. There is neither inner ear malformation nor small internal audi- 
tory canal syndrome in this case of monaural right deafness. Image of eighth nerve delineates single vestibular branch 
(arrow ). 


esis occurs in the presence of a narrow IAC. This be- 
lief 1s based on the fact that atresias of the facial ca- 


nal and optic foramen are associated with atresia of 


their respective nerves.? From a developmental point 
of view, atresia of the IAC has been thought to result 
from an inhibition subsequent to a delayed embryo- 





Fig 4. Magnetic resonance imaging sections with 


logical maturation of the cochleovestibular nerve. A 
lack of chemotactic mechanisms directing nerve 
growth from the statoacoustic ganglion to the laby- 
rinthine end organs, by the sixth week of gestation, 
may indeed indirectly interrupt the chondrification 
of the mesoderm surrounding the acousticofacial bun- 





3-dimensional Fourier transformation—constructive inter- 
ference in steady state. A) Right eighth nerve is hypoplastic. B) Left eighth nerve is normal. 


[we 
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dle.? Involvement of neuronotrophic processes in 
acoustic nerve growth has been experimentally dem- 
onstrated in vitro.7-19 On the basis of this finding, phy- 
sicians were implicitly advised to suspect hypopla- 
sia or aplasia of the cochlear nerve only when facing 
a narrow JAC on a CT scan.!1-12 


The clinical features of cochleovestibular nerve 
dysplasia need to be investigated. We previously re- 
ported the case of a congenitally deaf child, followed 


from the age of 22 months, who exhibited both mea- 
surable hearing and a normal VOR despite a narrow 


IAC with aplasia of the cochleovestibular nerve bilat- 
erally suggested by neuroradiologic investigation.? 
Functional MRI of the auditory cortex confirmed that 


^... Some acoustic fibers effectively projected into Brod- 


mann's areas 41 and 42.!3 The main contribution of 
thepresentreportis to demonstrate that cochlear nerve 
aplasia or severe hypoplasia may occur together with 
an apparently well-developed IAC. To our knowl- 
edge, such an association has not yet been described. 
Furthermore, this report introduces a novel and atypi- 
cal presentation of retrocochlear deafness in which 
the electrophysiological findings correlate well with 
the neuroradiologic data. 


In our observation, evidence of preserved cochlear 
outer hair cell function on the impaired side was prov- 
en by acquisition of reproducible otoacoustic emis- 
sions. It is noteworthy that this finding 1s consistent 
with the diagnosis of auditory neuropathy. This au- 
diological, electrophysiological syndrome has been 
defined as absent or markedly distorted auditory brain 
stem responses with normal distortion product oto- 


acoustic emissions and cochlear microphonics.1^:1 


Consequently, it is thought to reflect an auditory dys- 
function involving the eighth nerve.!6!? However, 
damage and/or dysfunction of the inner hair cells 
could also explain this entity.!8 The present case sug- 
gests that the auditory neuropathy syndrome may be 
caused, at least occasionally, by cochlear nerve apla- 
sia. It would be of great interest to investigate the 
radiologic anatomy of the eighth nerve in a case of 
suspected auditory neuropathy syndrome, especial- 





ly one in which pure tone thresholds or speech dis- 
crimination skills are severely altered. Recently, a 
case of IAC atresia with cochlear nerve agenesis was 
reported, in which recordings of cochlear microphon- 
ics contrasted with the absence of brain stem audi- 
tory evoked potentials. !? 


The case presented illustrates that a normal-sized 
IAC on CT is not sufficient to rule out the risk of 
aplasia or hypoplasia of the acoustic nerve. Because 
of the lack of information provided by CT, diagnosis 
of such congenital abnormalities requires the use of 
MRI studies: When suspecting "neural" deafness, it 
is important to look for the bifurcation of the eighth 
nerve into its cochlear and vestibular branches on 
consecutive MRI slices, obtained through the infe- 
rior half of the JAC and at the middle third of the 
canal. In our case, no bifurcation was visualized at 
this level — a finding suggestive of an agenesis of 
the cochlear branch. 


To explain these findings, we need to consider that 
the sole development of the facial nerve, with part 
of the vestibular nerve, could be sufficient to struc- 
ture a nonstenotic IAC. The resulting IAC might con- 
tain both a superior part for the facial nerve and an 
inferior part for the vestibular nerve, exhibiting a nor- 
mal diameter on CT. Detection of such an uncom- ` 
mon syndrome appears to benefit from objective au- 
diological testing. 


CONCLUSION 


Malformations of the eighth nerve may occur even 
when the IAC dimensions appear normal on CT. This 
finding may be of use to specialized deafness man- 
agement teams in assessing the potential benefits of 
a cochlear implant, as well as the benefits of a con- . 
ventional hearing aid. Normal outer hair cell func- 
tion in the absence of auditory brain stem responses 
is a strong argument for using complementary neuro- 
radiologic studies to test the cochlear nerve integ- 
rity. Reciprocally, detection of cochlear nerve apla- 
sia or hypoplasia may considerably clarify an unex- 
plained auditory neuropathy. 
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TRANSFORMING GROWTH FACTOR AND NEUTRALIZING 
ANTIBODIES IN SUBGLOTTIC STENOSIS 
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Transforming growth factor beta 1 (TGF-B1), which is implicated in the pathogenesis of fibrotic diseases such as interstitial 
fibrosis, may be associated with subglottic stenosis. To study this hypothesis, we measured TGF-D1 expression sequentially in 28 
rats after posterior cricoid injury, using both standard immunohistochemistry and reverse transcriptase-polymerase chain reaction. 
In addition, an osmotic pump infused TGF-D1 in 18 rats, normal saline solution in 9 rats, and neutralizing antibodies in 9 rats. 
Specimens were stained for fibronectin and procollagen at 1, 7, and 21 days and underwent optical density analysis. In the injured 
airway, TGF-D1 expression peaked at 1 day and returned to baseline by 21 days. The TGF-B1 infusion led to an increase in the 
expression of extracellular matrix proteins relative to controls. In contrast, neutralizing antibodies led to a decrease in extracellular 
matrix protein expression. These findings suggest that TGF-D1I may possibly play a role in the pathogenesis of subglottic stenosis. 


KEY WORDS — subglottic stenosis, transforming growth factor beta 1. 


INTRODUCTION 


Endotracheal intubation for long-term ventilatory 
support has been responsible for the survival of pre- 
mature infants smaller than those surviving hereto- 
fore. Acquired subglottic stenosis occurs in a small 
percentage (1% to 9%) of premature infants who re- 
quire long-term ventilatory support.!-4 Endotracheal 
tube injury to the mucosal surface of the airway may 
result in cartilage exposure and subsequent chondri- 
tis, which leads to submucosal gland proliferation, 
cartilage necrosis, abnormal collagen expression, and 
increased scar formation.>-® Scar tissue will narrow 
the subglottic airway, resulting in airway compromise. 


Wound repair involves complex interactions 
among epidermal cells, monocytes, fibroblasts, cy- 
tokines, enzymes, and extracellular matrix (ECM) 
proteins such as fibronectin and procollagen. Poly- 
peptide growth factors regulate wound healing on a 
molecular and cellular level and cause target cells to 
either replicate or migrate. Growth factors activate 
target cells by binding to high-affinity cell surface 
receptors, and the activation leads to an enzymatic 


cascade resulting in cell replication or migration.’ 


Polypeptide growth factors can be categorized into 
6 major families based on their type of activity. These 
include epidermal growth factors, fibroblast growth 
factors, platelet-derived growth factors, insulin-like 
growth factors, interleukins, and transforming growth 
factor beta (TGF-B).’ There is substantial evidence 
to indicate that TGF-D is an essential multifunctional 
mediator of scar tissue formation, as it promotes 
monocyte infiltration, fibroblast proliferation, and 
ECM expression.? Increased production of TGF-D 
has been associated with normal and pathological re- 
pair processes, such as interstitial pulmonary fibro- 
sis and glomerulonephritis.?:10 TGF-D is produced by 
platelets and macrophages. TGF-B exists as 3 distinct 
subtypes in humans and most mammals: TGF-B1, 
TGF-B2, and TGF-B3. TGF-B1 is the predominant 
form in humans. TGF-B is a protein made up of 2 
identical polypeptide chains. The precursor form con- 
tains an N-terminal segment, which is cleaved off in 
an acidic environment. !1-12 


Although it has not been studied extensively in 
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1x3 mm Dorsal 
wall injury 


Fig 1. Ventral laryngofissure in rat larynx shows dorsal 
wall injury (1 x 3-mm area). Osmotic infusion pump was 
implanted at laryngofissure site. 


the airway, numerous experimental studies have sug- - 


gested that TGF-B1 is a potent mediator of scar tis- 
sue formation in other organ systems. For example, 
exogenous administration of TGF-D1 increases ECM 
formation.’ Furthermore, fetal wounds, which heal 
in a “scarless” manner, have a deficiency of TGF-D1 
relative to adult wounds. Addition of TGF-D1 to fe- 
tal wounds induces scar tissue formation.1?-15 This 
may reflect differences that exist at the tissue recep- 
tor level during development. To better understand 
the role of TGF-B1 in subglottic stenosis, we studied 
the expression of endogenous TGF-B1 in wounded 
rat laryngotracheal airways and the effect of exog- 
enous administration of TGF-B1 on healing airway 
wounds of rats. 


MATERIALS AND METHODS 


This study was completed in 2 parts. The first was 
the immunohistochemical detection of TGF-D1 in in- 
jured and uninjured rat larynges. The second was the 
measurement of ECM proteins after exogenous ad- 
ministration of TGF-D1 and neutralizing antibodies 
to TGF-B1 to the injured rat airway. The ECM pro- 
teins were used as markers of scar tissue formation 
in this model. Our techniques were as follows. 


Laryngeal Injury Technique. Adult male Sprague- 
Dawley rats (450 to 600 g) were anesthetized with 
methoxyflurane by inhalation and then ketamine hy- 
drochloride 87 mg/kg and xylazine hydrochloride 13 
mg/kg by intraperitoneal injection. The rats then un- 


derwent a midline laryngofissure to expose the lar- 
ynx and the posterior wall of the cricoid cartilage as 
follows. In a sterile fashion, a transverse cervical in- 
cision was made and the laryngotracheal complex 
was exposed with sharp dissection. The lower third 
of the thyroid cartilage, the cricoid cartilage, and the 
first 2 tracheal rings were divided with a midline lon- 
gitudinal incision. A rectangular area (1 x 3 mm) of 
mucosa, submucosa, and perichondrium was removed 
from the posterior luminal wall of the cricoid carti- 
lage under the microscope with a microsurgical blade 
and an otologic microscopic Tabb knife (Fig 1). The 
laryngofissure incision was then closed, and the rats 
were allowed to recover. 


Twenty-eight injured rats and 4 normal control rats 
were euthanized by lethal injection of 100 mg/kg of 
pentobarbital sodium. Four rats were sacrificed at 
each time period (0, 1, 2, 4, 7, 14, and 21 days after 
injury). Their larynges were harvested, sectioned, and 
fixed in formalin for at least 24 hours. They were 
embedded in paraffin blocks by standard histologic 
techniques. Five-micron-thick sections were cut on 
a microtame. Cross sections were cut from the mid- 
point of the injury. The sections were placed on slides 
and underwent immunohistochemical staining for la- 
tent TGF-B1 by standard immunohistochemical tech- 
niques as outlined by Hsu et al.16 Polyclonal rabbit 
anti TGF-D1 LC (1 through 30) antibodies were used 
at a 1:72 dilution. Anti~TGF-B1 LC has a high bind- 
ing affinity to amino acids 1 through 10 and 21 through 
30 of the N-terminal end of latent TGF-B1.!’ The 
antibodies were a generous gift of Dr Kathleen Flan- 
ders, National Institutes of Health. 


Osmotic Pump Infusion of TGF-D1 and Neutraliz- 
ing Antibodies. Thirty-six additional rats, which un- 
derwent the same posterior cricoid wall injury, under- 
went implantation of an Alzet osmotic pump device 
(ALZA Corp, Palo Alto, Calif). Dr S. Hanson of Em- 
ory University developed an implantable drug deliv- 
ery system for continuous infusion. Its performance 
has been documented previously in an arteriovenous 
polytetrafluoroethylene (PTFE) fistula model.!* The 
osmotic pump delivers drug to the device through 
silicone tubing that empties into a reservoir and de- 
livers the drug evenly to the attached PTFE mem- 
brane and subsequently to the tissue adjacent to the 
PTFE. The pumps were primed with TGF-D1 at a 
concentration of 1.25 ng/uL (R & D Systems, Minne- 
apolis, Minn). The device was oriented so that the 
PTFE strip was adjacent to the ventral wound site 
and secured with 6.0 Prolene sutures (Ethicon, Som- 
erville, NJ). The pump was buried subcutaneously 
in the chest. The TGF-B1 was infused continuously 
at arate of 10 ng/h for 24 hours. In the control group, 
the pump delivered phosphate buffered saline solu- 
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Fig 2. Cross sections stained for latent trans- 
forming growth factor beta | (TGF-B1; origi- 
nal x20). A) Uninjured rat larynx reveals stain- 
ing of normal epithelial cells and submucous 
glands (arrow). B) Dorsal wall injury site 1 day 
after injury shows increased expression of 
TGF-B1 in fibrocellular matrix (arrow). (Con- 
tinued on next page.) 


tion (pH 7.4, 0.1% bovine serum albumin) at the same 
rate for 24 hours. To ensure that the cytokine reached 
the intraluminal larynx, we closed the ventral laryn- 
gofissure site loosely, leaving a small gap. Another 
9 rats underwent osmotic pump implantation in iden- 
tical fashion, but with infusion of chicken anti-hu- 
man neutralizing antibodies to TGF-B1 at 2 ug/h (R 
& D Systems). Six rats were sacrificed at each of 3 
time periods (1, 7, and 21 days) for the TGF-B1 group. 
and 3 at each time period for the blocking antibody 
group and control group. The rats were all humanely 
euthanized by lethal injection of 100 mg/kg of pen- 
tobarbital sodium. 


Tissue Processing and Immunohistochemistry. The 
larynges were harvested from all rats, the sutures were 
removed from the ventral wall to facilitate micro- 
scopic processing, and the specimens were fixed in 
formalin for 24 hours and embedded in paraffin 
blocks. Five-micron-thick sections were cut on a mi- 
crotome from the midpoint of the injury. The sec- 
tions were placed on glass slides and stained for he- 
matox ylin-eosin, fibronectin, and type I procollagen 
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by standard immunohistochemical techniques!? with 
the following antibodies and dilutions: 1) mouse anti- 
human procollagen I carboxy-terminal monoclonal 
antibody 1:100 (Chemicon International, Inc, Temec- 
ula, Calif) and 2) polyclonal rabbit anti-human se- 
rum fibronectin 1:50 (Dako, Carpinteria, Calif). 


Optical Density Analysis. The tissues were placed 
on a CAS computer system (Cell Analysis Systems, 
Inc, Palo Alto). In the region of the ventral and dor- 
sal wounds, 5 high-power (40x magnification) non- 
contiguous, nonoverlapping fields per animal were 
measured for optical density of percent staining area 
and percent staining intensity. These measurements 
were then averaged. Regions from the cricoid ring, 
which were uninjured, were also measured and av- 
eraged. The average measurements for the percent 
staining intensity and area for the injured regions 
were divided by the same measurements for unin- 
jured regions within that specimen. This provided 
an internal control for background staining intensity 
and provided an index of injured to uninjured region 
staining. 
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Reverse Transcriptase—Polymerase Chain Reac- 
tion. The RNA was extracted from the tissue of 3 
saline infusion control samples at 0.5, 1, 7, and 21 
days. The procedure for quantitative bioluminescent 
detection of TGF-DI messenger RNA (mRNA) was 
performed as previously described. !°-20 Comparison 
and standardization were made to the housekeeping 
gene B-actin. 

RESULTS 


TGF-BI Expression. The normal controls showed 
expression of latent TGF-DI in the respiratory epithe- 
lium and submucosal glands. TGF-B1 was also iden- 
tified in the endothelial cells of blood vessels. In the 
injured specimens, increased intensity of TGF-B1 
staining was detected in the submucosal fibrocellu- 
lar matrix near both anterior (laryngofissure) and pos- 
terior injury sites. The staining was most intense in 
the early time periods (1 or 2 days after injury) and 
returned to the level of the uninjured control speci- 
mens by day 21 (Fig 2). The reverse transcriptase— 
polymerase chain reaction revealed a quantitative 
peak of TGF-B1 mRNA expression at 1 day, followed 


Fig 2, continued. C) Dorsal wall injury site 2 
days after injury reveals highest intensity of 
staining. D) Dorsal wall of injured rat larynx 
21 days after injury shows baseline staining and 
reepithelialization. 


by a slight decrease at 7 days and a return to baseline 
at 21 days (Fig 3). 

TGF-Dl Infusion. By histologic analysis, all TGF- 
D infusion specimens revealed a marked increase in 
fibrosis and inflammation relative to the saline infu- 
sion control specimens (Fig 4). The immunohisto- 
chemical staining for cellular fibronectin and type I 
procollagen revealed an increase in expression at 1, 
7, and 21 days relative to controls (Fig 5). The opti- 
cal density analysis verified these findings. There was 
a significant inflammatory response to the infusion 
device, but the response in the specimens with TGF- 
B1 infusion far exceeded that in the controls. 

Anti-TGF-Dl Neutralizing Antibodies. The infu- 
sion of neutralizing antibodies to TGF-B1 resulted 
in a decrease in the intensity of fibronectin and type 
| procollagen staining at the laryngofissure site rela- 
tive to the saline infusion control and the posterior 
wound (internal control specimens). The optical den- 
sity analysis revealed a significant decrease in the 
expression of fibronectin and type I procollagen at 1 
and 7 days (Fig 6). 
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Fig 3. Tracheal tissue samples were obtained from ven- 
tral laryngofissure site at 0.5 (12 hours), 1, 7, and 21 
days after injury in saline infusion controls and were pro- 
cessed for reverse transcriptase-polymerase chain reac- 
tion to detect TGF-BI messenger RNA (mRNA). Ventral 
laryngofissure site of saline infusion had increase in TGF- 
BI mRNA expression at days | and 7, followed by de- 
crease to baseline levels at day 21. 


DISCUSSION 


We chose to study TGF-B1 in the larynx because 
of its potent role as a mediator of fibrosis and scar- 
ring in other organ systems. Moreover, blockade of 
TGF-ß1 activity may reduce scarring. There are sev- 
eral ways to block TGF-B1 activity, including neu- 
tralizing antibodies, blockade at the receptor level, 
down-regulation of TGF-B1 mRNA expression, and 
the blockade of some other by-product of the cyto- 
kine. Shah et al?! were successful at decreasing fibro- 
sis in cutaneous wounds by blockade of TGF-D1 ac- 
tivity with neutralizing antibodies to TGF-B1, as well 
as down-regulation with TGF-B3. TGF-B3 may com- 
petitively inhibit TGF-B1 expression. Furthermore, 


Fig 4. Luminal epithelial surface 
of ventral laryngofissure site near 
infusion pump at 7 days after in- 
jury (H & E, original x50). A) 
TGF-B1 infusion. Arrow points to 
submucosa of ventral laryngofis- 
sure site with increase in fibrosis 
and with inflammatory cell infil- 
tration. B) Normal saline control 
shows less inflammation and less 
inflammatory cell infiltration (ar- 
row ). 


TGF-B1 is largely absent in fetal wounds, which heal 
in a scarless manner. 


This study demonstrated a potential role for TGF- 
B1 in the evolution of subglottic stenosis. The latent 
precursor form of TGF-B1 was found initially in epi- 
thelial and endothelial cells of the larynx, as well as 
the submucosal glands, and increased in the early 
period after injury. TGF-B1 then returned to baseline 
levels after active healing was complete (21 days). 
The absolute production of TGF-B1, as reflected by 
the increase in TGF-B1 mRNA levels within 24 hours 
after injury, increased and then returned to baseline. 
This finding is supported by the observations of Kane 
et al? who studied TGF-B1 expression in human 
and porcine cutaneous wounds. They found that in- 
active TGF-B1 is present in all suprabasal keratino- 
cytes of normal human skin. Five minutes after in- 
jury, activated TGF-B1 is rapidly induced in the epi- 
dermis and progresses outward from the site of in- 
jury. As wound healing resolves, the active TGF-D1 
disappears, but the inactive form remains. This pat- 
tern reflects rapid activation by the local wound en- 
vironment after injury. 


Nevertheless, TGF-B1, as a single cytokine, is part 
of a large, complex system. There are other, poorly 
understood factors and complex interactions that con- 
trol the healing process and deserve further study. 
Moreover, in order to elucidate more of these inter- 
actions, we need to rectify several major shortcom- 
ings of this model in future studies. The most impor- 
tant is the qualitative nature of immunohistochemi- 
cal detection of cytokines, which needs to be backed 
up with quantitative data. Nevertheless, the stains 
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Fig 5. Immunohistochemical stain for fibronec- 
tin 7 days after surgery (original x50). A) TGF- 
D1 infusion at ventral site reveals highest in- 
tensity of fibronectin staining (arrow) with in- 
creased submucosal glands and fibrosis con- 
sistent with early subglottic stenosis. B) Nor- 
mal saline infusion (ventral site) reveals less 
intense fibronectin staining (arrow) and less in- 
flammation. 





B 
were quite consistent, and optical density analysis osmotic pump was used to test the in vitro biologi- 
quantified the immunohistochemical results. cal activity of TGF-DI in the airway at a concentra- 
Second, the osmotic pump itself induces a signif- tion used by Shah et al^! in cutaneous wound heal- 
icant background inflammatory response and there- ing. It appears that TGF-D1 is critical in the very early 
fore is not intended to become a useful delivery sys- phases of wound healing at concentrations similar 
tem for clinical use. The biological activity of growth to those in skin wounds in rats. 
factors such as TGF-ßB1 is determined by dose, tim- A more optimal delivery system for potential clini- 
ing of delivery, and local environmental factors. The cal use might include direct injection, coated endo- 
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Fig 6. Computerized analyses show ratios of staining intensity in ventral injury site to that in internal control site for infusions 
of TGF-B1, normal saline solution, and neutralizing antibodies at 1, 7, and 21 days. A) Fibronectin. B) Type I procollagen. 
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tracheal tubes, or direct gene transfer. Gene transduc- 
tion perhaps may allow for the continuous delivery 
of growth factors during the critical phases of heal- 
ing. For instance, adenovirus-mediated transduction 
of laryngotracheal tissue would result in gene expres- 
sion for relatively short periods of time (7 to 10 
days). The expression of the cytokine would be tem- 
porary and promote down-regulation of fibrosis dur- 
ing the critical phases of wound healing. Needless 
to say, there are potential problems, such as the back- 
ground inflammatory response, even with short pe- 
riods of transduction, and these problems need to be 
worked out. 


A third limitation of our animal model study was 
the fact that the degree of stenosis or scar tissue for- 
mation was quite minimal. Most of the animals sur- 
vived the experiments without distress. A more sub- 
stantial injury, such as the result of topical applica- 
tion of sodium hydroxide, would result in a more 
severe grade of stenosis and thus a better “signal-to- 
noise" ratio for studying the effects of cytokines on 
wound healing. 


Nevertheless, the study demonstrated a potential 
role for TGF-B1 in laryngeal wound healing in an 
animal model. We found that TGF-B1 is expressed 
early during the course of laryngeal wound healing 
and returns to baseline levels within 21 days. We also 
found that TGF-B1, which leads to fibrosis in sev- 
eral organ systems, is capable of enhancing scar tis- 





sue formation in the subglottic airway. Potential 
"antiscarring" strategies may involve blockade of 
TGF-B1 activity. Further study is necessary to clarify 
the exact role of TGF-D1 in human subglottic steno- 
sis and in wound healing in general. Future studies 
will involve staining for activated TGF-D1 in speci- 
mens from human larynges that are actively devel- 
oping subglottic stenosis. 


CONCLUSIONS 


1. Endogenous TGF-D1 was detected in the epi- 
thelial cells and submucosal glands of normal rat la- 
rynges. 

2. Endogenous TGF-D1 expression increased in 
early time periods after an injury to the subglottic 
airway and returned to baseline within 21 days, as 
documented by immunohistochemistry and reverse 
transcriptase—polymerase chain reaction. 


3. Infusion of exogenous TGF-B1 led to an increase 
in the expression of ECM proteins and to inflamma- 
tory changes in the airway consistent with early sub- 
glottic stenosis. 


4. [Infusion of neutralizing antibodies led to a de- 
crease in the expression of ECM proteins that was 
specific for the ventral infusion site. 


5. Further study 1s needed to elucidate the role of 
TGF-B1 and its complex interactions in normal and 
pathological wound healing in the airway. 
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CRITICAL ROLE OF CENTRAL FACILITATION IN THE GLOTTIC 
CLOSURE REFLEX 


CLARENCE T. SASAKI, MD 


STEVEN Ho, MD YOUNG-HO KIM, MD 


NEW HAVEN, CONNECTICUT 


The sphincteric function of the larynx, essential to lower airway protection, is most efficiently achieved through strong reflex 
adduction by both vocal cords. We hypothesize that central facilitation is an essential component of a bilateral adductor reflex and 
that its disturbance could result in weakened sphincteric closure. Six adult 50-kg pigs underwent evoked response laryngeal electro- 
myography under 0.5 to 1.0 minimal alveolar concentration (MAC) isoflurane anesthesia. The internal branch of the superior laryn- 
geal nerve was stimulated through bipolar platinum-iridium electrodes, and recording electrodes were positioned in the ipsilateral 
and contralateral thyroarytenoid muscles. Consistent threshold responses were obtained ipsilaterally from 0.5 to 1.0 MAC anesthe- 
sia. However, the contralateral reflex responses approached 0% in successive trials as anesthetic levels approached 1.0 MAC. Altera- 
tion of central facilitation by deepening anesthesia abolishes the crossed adductor reflex, predisposing to a weakened glottic closure 
response. A precise understanding of this effect may improve the prevention of aspiration in patients emerging from prolonged 


sedation or under heavy psychotropic control. 


KEY WORDS — anesthesia, aspiration, central facilitation, glottic closure reflex, laryngeal sphincter. 


INTRODUCTION 


The most important and basic function of the lar- 
ynx is to provide sphincteric protection of the lower 
airway, which is most efficiently achieved by simul- 
taneous adduction of both vocal cords. Such action 
serves to close the glottis by involving the activation 
of both thyroarytenoid muscles, among other groups 
of adductors. In this regard, reflexive glottic closure 
is reliably elicited by stimulating the internal branch 
of the superior laryngeal nerve GSLN). 


Three categories of protective laryngeal responses 
have been observed after stimulation of one iSLN. 
First, an early response involves adduction of the ip- 
silateral vocal cord with a latency of approximately 


10 to 18 ms in anesthetized cats,! dogs,! and pigs? 
This short-latency R1 evoked response has also been 
consistently noted in anesthetized humans.! A sec- 
ond category of short-latency evoked R1 response 
involves simultaneous contralateral adduction, also 
known as the crossed adductor reflex. Although this 
crossed response with a latency of 10 to 18 ms has 
been found to be consistently present in anesthetized 
cats, it is less consistently found in dogs and is rarely 
observed in anesthetized human subjects.! Still a third 
category of adductor response involving a longer- 
latency reflex, termed R2, has been observed to pro- 
duce bilateral vocal cord responses, but its presence 
appears to be most readily noted in awake human 
subjects; it has a latency of 50 to 80 ms.? 


TABLE 1. LEFT ISLN STIMULATION 


Minimal Alveolar Concentration 


«0.5 0.5 0.75 1.0 >1.0 
Ipsilateral R1 
Efficiency 9/9 (100%) 12/12 (100%) 18/18 (100%) 15/15 (100%) 20/20 (100%) 
Latency (ms; average + 1 SD) 14.7 € 1.3 15.2104 15.0x1.1 17.7 € 2.3 17.0 € 1.3 
Contralateral R1 
Efficiency 9/9 (10090) 12/12 (100%) 12/18 (67%) 3/15 (20%) 0/20 (0%) 
Latency (ms; average + 1 SD) 14.7£1.3 15.4 € 0.8 15.7 € 0.8 18.2 € 0.7 


iSLN — internal branch of superior laryngeal nerve. 
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on Humane Care and Use of Laboratory Animals, the NIH Guide for the Care and Use of Laboratory Animals, and the Animal Welfare Act (7 
U.S.C. et seq.); the animal use protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of Yale University School 


of Medicine (protocol 99-07921). 


Presented at the meeting of the American Laryngological Association, Orlando, Florida, May 13-14, 2000. 
CORRESPONDENCE — Clarence T. Sasaki, MD, Section of Otolaryngology, Dept of Surgery, Yale University School of Medicine, 333 Cedar 


St, PO Box 208041, New Haven, CT 06520-8041. 


402 Sasaki et al, Central Facilitation & Glottic Closure Reflex 


RLN 
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Fig 1. Ipsilateral R1 reflex. Lt. NA — left nucleus am- 
biguus; Lt. NTS — left nucleus tractus solitarius; SLN 
— superior laryngeal nerve; RLN — recurrent laryngeal 
nerve. 





From these observations, we note that prior stud- 
ies conducted in fully anesthetized dogs, pigs, and 
humans failed to consistently demonstrate the pres- 
ence of either the crossed R1 or the R2 adductor re- 
flex. Despite species differences, the presence of 
crossed reflexes in awake non-anesthetized human 
subjects suggests the possibility that the crossed 
evoked response may be anesthesia-dependent. 


In the present study, we attempted to examine 
crossed adductor reflexes by electromyographic 
(EMQ) recordings from the thyroarytenoid muscles 
under various levels of anesthesia in a pig model. 
We hypothesized that the crossed reflex represents a 
facilitated response dependent on supramedullary in- 
fluences that, when abolished by general anesthesia, 
also abolishes the crossed response. The presence of 
central facilitation may be an essential component of 
a bilateral adductor reflex, and its disturbance could 
result in conversion to a unilateral reflex response, 
overall resulting in a weakened sphincteric closure. 
A precise understanding of this effect may improve 
the prevention of aspiration in patients at risk while 
emerging from prolonged sedation*? or while under 
heavy psychotropic control.® 
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Fig 3. Contralateral R1 reflex under light anesthesia. 


MATERIALS AND METHODS: 


Six adult Yorkshire male pigs were each studied 
at 5 different depths of isoflurane anesthesia (<0.5, 
0.5, 0.75, 1.0, and >1.0 minimal alveolar concentra- 
tion [MAC]). The subjects were approximately 5 to 
8 months of age, and their weights ranged from 43 
to 50 kg (95 to 110 Ib). The pig larynx was selected 
as a model because of its anatomic and physiologi- 
cal similarities to the human larynx.? 





Ketamine hydrochloride (30 mg/kg) and xylazine 
hydrochloride (5 mg/kg) were administered together 
intramuscularly as induction agents. Anesthesia was 
maintained with inhalational isoflurane through a 
nose cone while each subject maintained spontane- 
ous respiration. A sufficient amount of time was al- 
lowed (at least 90 minutes) for the pharmacological 
effects of the induction agents to clear before initia- 
tion of the study protocol. Each subject was exposed 
to various levels of general anesthesia, with 1 MAC 
defined as 1.50% inhaled isoflurane concentration.? 
At 1 MAC, periods of electroencephalographic sup- 
pression? are expected to occur, characterized by an 
increase in delta wave activity,!? whereas at 2 MAC, 
electrical silence is expected to predominate.?.!0 No 


Fig 2. Stimulation of left internal branch 
of SLN. Compound muscle action poten- 
tial (CMAP) recordings obtained from ip- 
silateral thyroarytenoid muscle at A) 0.5 
minimal alveolar concentration (MAC) 
and B) 1 MAC. 
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Fig 4. Loss of contralateral R1 reflex under deep anes- 
thesia. 


other pharmacological agent was used during the pe- 
riod of data collection. At least 20 minutes of equili- 
bration was allowed after each incremental increase 
in anesthetic level. 


A DataScope was used to monitor the electrocar- 
diogram, respiratory rate, pulse oximetry, and core 
body temperature. The arterial oxygen saturation was 
maintained above 95% at all times by adjusting the 
inhaled oxygen concentration as necessary. The core 
body temperature was normothermically maintained 
between 37.8°C and 38.6°C (100?F and 101.5?F) 
with a heating pad. 


After antiseptic preparation and draping of the op- 
erative site, a midline neck incision was made extend- 
ing from the hyoid bone to the sternal notch. Trache- 
otomy was performed below the fourth tracheal ring, 
allowing an endotracheal tube (inside diameter, 6 
mm) to be inserted into the trachea and secured to 
the skin. Subsequent inhalational anesthesia was 
maintained through the tracheotomy. Both the right 
and left iSLNs were identified. Sufficient thyroid car- 
tilage was removed to allow full access to and visu- 
alization of both vocal cords. 


Fig 5. Stimulation of left iSLN. CMAP 
recordings obtained from contralateral 
thyroarytenoid muscle at A) 0.5 MAC 
and B) 1 MAC. 





TABLE 2. SUMMARY OF LEFT ISLN STIMULATION 


Minimal Alveolar 
Concentration 


«1,0 21.0 
Ipsilateral R1 
% Efficiency 100 (39/39) 100 (35/35) 
Latency (ms; average + 1 SD) 15.0+40.8 3172-19 
Contralateral R1 
% Efficiency 85 (33/39)* $8 (3/35)* 
Latency (ms; average + 1 SD) 441.1 18.2107 


*p < .01 (Student's t-test). 


An XLTEK NeuroMax provided nerve stimula- 
tion and EMG recording capability. Bipolar 200-mQ 
platinum-iridium stimulating electrodes were applied 
to the proximal end of each severed iSLN. Monopolar 
platinum-iridium recording electrodes were inserted 
into the mid-portion of the thyroarytenoid muscles 
bilaterally. Reference electrodes were placed in the 
ipsilateral strap muscles, and a ground electrode was 
placed in the sternocleidomastoid muscle. Although 
simultaneous bilateral iSLN stimulation is perhaps 
more physiologic, sequential unilateral stimulation 
was used to allow an accurate analysis of the crossed 
components of the evoked adductor response that 
would otherwise be obscured by bilateral iSLN stim- 
ulation. 


With each subject sequentially under various depths 
of anesthesia as described earlier, the left iSLN was 
electrically stimulated with a single rectangular pulse 
of 0.1 mA/0.1 ms. The stimulation intensity was in- 
crementally increased by 0.1 mA until a consistent 
EMG response was seen in the thyroarytenoid muscle 
or until a maximum stimulation intensity of 12.0mA 
was attained, An average of 6 trials was performed 
in each experimental paradigm. The procedures were 


- identically repeated on the right side. 


RESULTS 
The average latencies of the ipsilateral and contra- 
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TABLE 3. RIGHT ISLN STIMULATION 


Minimal Alveolar Concentration 


«0.5 0.5 0.75 1.0 >1.0 
Ipsilateral R1 
Efficiency 15/15 (100%) 15/15 (100%) 6/6 (100%) 18/18 (10096) — 20/20 (100%) 
Latency (ms; average + 1 SD) 13.3 £ 0.4 13.7 t 0.8 1522 [5 15.0 + 2.0 17.0 €t 1.3 
Contralateral R1 
Efficiency 9/9 (10096) 15/15 (100%) 3/6 (50%) 0/18 (0%) 0/20 (0%) 
Latency (ms; average + 1 SD) 14.9+ 1.0 13.7 + 1.0 13.0 + 0.0 


lateral evoked responses with their standard devia- 
tions for left iSLN stimulation are summarized in 
Table 1. The number of evoked responses compared 
to the number of stimulus presentations under each 
level of anesthesia allows us to calculate the percent- 
age of responses achieved within each level of anes- 
thesia. We note that ipsilateral R1 evoked responses 
occur at all depths of anesthesia with 100% efficiency 
(Figs 1 and 2). However, the number of contralateral 
R1 responses undergoes a dramatic decline with an- 
esthesia levels over 0.75 MAC. By 1 MAC, only 1 
out of 5 stimulations results in contralateral R1 
evoked responses. Above 1 MAC, no contralateral 
responses can be elicited (Figs 3-5). When the per- 
centage of contralateral responses obtained below 1.0 
MAC is compared to the percentage of responses ob- 
tained above 1.0 MAC, the difference is statistically 
significant (p « .01; Table 2). No R2 evoked re- 
sponses are noted. 


The results of right iSLN stimulation are shown 
in Table 3. Again, the number of contralateral evoked 
responses undergoes a marked decline with anesthe- 
sia levels above 0.75 MAC. No contralateral response 
can be elicited with anesthesia levels at or above 1 
MAC. When the percentage of contralateral responses 


obtained below 1.0 MAC is compared to the percen- _ 


tage of responses obtained above 1.0 MAC, the dif- 
ference is again statistically significant (p « .01; Table 
4). 


DISCUSSION 


The rationale for our hypothesis is based on the 
following historical considerations. Prior observa- 


TABLE 4. SUMMARY OF RIGHT ISLN STIMULATION 


Minimal Alveolar 
Concentration 
«1.0 »1.0 
Ipsilateral R1 
% Efficiency ; 100 (36/36) 100 (38/38) 
Latency (ms; average t 1 SD) 135 £0.38 3145-1 
Contralateral R1 
% Efficiency 90 (27/30)* 0 (0/38)* 


Latency (ms; average + 1 SD) 13.7 € 1.0 


*p « .01 (Student's r-test). 


tions conducted in fully anesthetized dogs, pigs, and 
humans failed to consistently show a contralateral 
evoked response. The presence of crossed R1 or R2 
adductor reflexes in the awake state suggests that the 
contralateral reflex may be anesthesia-dependent. 
The variable observation by Ludlow et al? of crossed 
R1 response in 2 awake human subjects underscores 
their variable susceptibility to higher-order central 
control. The pig model appears to support the notion 
that a facilitated adductor reflex is likely responsible 
for a crossed R1 response in the awake state, whereas 
the sensitivity of the crossed R1 response to pharma- 
cological sedation would imply that relevant facili- 
tatory mechanisms are located central to motor neu- 
rons of the nucleus ambiguus. Furthermore, that the 
latencies of ipsilateral and contralateral evoked re- 
sponses are nearly equal suggests that each circuit 
involves equivalent numbers of interneurons. As well, 
the longer latency of the left as compared to the right 
ipsilateral evoked response understandably reflects 
the longer course of the left recurrent laryngeal nerve. 
On the assumptions that nerve conduction velocity 
approximates 5 cm/ms,!! that the average length of 
the neural circuitry from the larynx to the brain stem 
is 20 cm, and that each synaptic delay is 1.5 ms,! 
the data support the following organizational model 
(Fig 6). In our model, we propose that the iSLN pro- 
jects to motor neurons of the nucleus ambiguus 


Supramedullary Facilitation 


Nucleus Ambiguus 


MERIT 
f 











Tractus 
Solitarius 
Crossed 


Adductor 
Reflex 


Nodose 
Ganglion 


=- 


Fig 6. Organizational model of crossed adductor reflex 
pathway. 
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through at least 2 synapses: the first, within the ipsi- 
lateral nucleus tractus solitarius, and the second, like- 
ly within the nucleus ambiguus ipsilaterally and with- 
in the reticular formation contralaterally in a manner 
supported by Sessle's observations.!? 


In summary, whereas a contralateral R1 response 
is supported by central facilitation in the awake state, 
anesthetic suppression of facilitative mechanisms re- 
stricts the response to an ipsilateral response. There- 
fore, in the pig model, the anesthesia-dependent loss 
ofthe crossed R1 response is expected to weaken the 
summated closure response even under conditions of 
physiologic stimulation, in which stimuli are deliv- 
ered bilaterally and concurrently to each iSLN. De- 
spite the observation that the crossed R1 response 
appears variably in awake human subjects;? its com- 
plete suppression under anesthesia may exert a clini- 
cally important, but perhaps lesser, effect than would 


have been observed in the pig model. Pharmacologi- 
cal suppression of supramedullary facilitation offers 
a unified explanation for several interesting and im- 
portant clinical findings, including the increased in- 
cidence of life-threatening aspiration among sedated 
patients in an intensive care setting and among insti- 
tutionalized psychiatric patients under heavy psycho- 
tropic control, in whom death from aspiration repre- 
sents a highly significant risk. The results of this study 
should provide the neurophysiological basis for pre- 
ventive measures in high-risk patients and could, for 
example, alter dosing schedules of psychotropic med- 
ications, improve respiratory monitoring, or institute 
lifesaving dietary modifications. They may also stim- 
ulate the search for alternative agents with pharma- 
cological properties that preserve or augment facili- 
tation of the glottic closure response without alter- 
ing the agents' specific psychotropic or sedative prop- 
erties. 
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ASSESSMENT OF POSTERIOR CRICOARYTENOID BOTULINUM 
TOXIN INJECTIONS IN PATIENTS WITH ABDUCTOR SPASMODIC 


DYSPHONIA 
STEVEN BIELAMOWICZ, MD SHRITA SQUIRE 
WASHINGTON, DC BETHESDA, MARYLAND 
KIMBERLY BIDUS, MS CHRISTY L. LUDLOW, PHD 
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In this study, we compared 2 techniques for injection of botulinum toxin type A (Botox) into the posterior cricoarytenoid (PCA) 
muscle for the treatment of abductor spasmodic dysphonia (ABSD). Fifteen patients with ABSD were enrolled in a prospective 
randomized crossover treatment trial comparing the 2 injection techniques. The PCA muscle was injected with 5 units on each side, 
with the injections staged 2 weeks apart, via either a percutaneous posterior-lateral approach or a transnasal fiberoptic approach. 
Eleven patients reported some benefit with the injections; however, the patient-perceived benefits were not related to changes in 
symptoms on blinded counts by speech pathologists. No significant reductions in the numbers of breathy breaks occurred with either 
technique, and no differences were found between techniques. Although patients perceived a benefit, blinded symptom counts did 
not substantiate these benefits. Thus, PCA muscle injections of Botox provided limited benefits to patients with ABSD, demonstrat- 
ing the need for a more effective therapy for these patients. 


KEY WORDS — Botox, botulinum toxin, electromyography, larynx, posterior cricoarytenoid muscle, spasmodic dysphonia, 





voice. 


INTRODUCTION 


Abductor spasmodic dysphonia (ABSD) is a rare 
focal dystonia affecting the larynx, characterized by 
breathy breaks during prolonged voice production fol- 
lowing voiceless consonants and an overall breathy 
voice quality in some cases.!* Fiberoptic laryngeal 
examination confirms persistent abduction of the vo- 
cal folds during prolonged voiceless consonants. The 
movement abnormalities may be due to either burst- 
ing activity within the posterior cricoarytenoid (PCA) 
muscle or cricothyroid (CT) muscle or underactivity 
of the thyroarytenoid (TA) muscle (a negative dys- 
tonia).? Treatment of ABSD has been aimed at re- 
ducing tone in the PCA muscle by means of botuli- 
num toxin type A (Botox) injections, although 1 re- 
port found benefit with CT injections in a subgroup 
of ABSD patients with CT muscle spasms.? In con- 
trast with adductor spasmodic dysphonia (ADSD), 
the symptom response with PCA Botox in patients 
with ABSD may not be as robust.? Explanations for 
this difference in treatment response include diffi- 
culty in placement of the Botox within the PCA mus- 
cle, the inability to deliver enough Botox into the 
PCA muscle due to the risk of airway obstruction, 
and fundamental differences in the pathophysiology 
of the 2 types of spasmodic dysphonia. 


Patient response to Botox injections into the PCA 
muscle may depend in part on the accuracy of the 
injection technique. Two techniques have been em- 
ployed in this study: the percutaneous posterior-lat- 
eral approach described by Blitzer et al^ and an adap- 
tation of a fiberoptic endoscopic approach described 
by Rhew et al.? Both approaches have potential ad- 
vantages and disadvantages. The percutaneous ap- 
proach uses physiological verification to ensure that 
the toxin is being injected into a muscle active for 
vocal fold opening during sniffing and for voiceless 
sound production during speech. The difficulties with 
this technique are possible discomfort during manual 
rotation of the larynx and possible pain with needle 
insertion near the pyriform sinus. This technique also 
requires considerable experience to accurately detect 
the PCA activation pattern during speech. On the oth- 
er hand, the endoscopic technique uses visual verifi- 
cation for PCA insertion. However, some patients find 
nasoendoscopy with a 5-mm fiberoptic scope uncom- 
fortable, and approximately 50 units of Botox is re- 
quired to prime the injection catheter, with only a 
small amount injected and the remainder wasted. 


Studies have looked at patient satisfaction with 
PCA Botox, and the majority of patients perceive a 
benefit.29 Meleca et alf evaluated subjective com- 
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TABLE 1. DEMOGRAPHICS OF STUDY POPULATION 


Age at Age at 

Disease Botox Presence 

Subject Sex  Onset{y) Injection (y) of Tremor 
I F 24 51 No 
2 F 33 38 No 
3 F 27 35 No 
4 FE 43 48 No 
9 F 32 47 No 
6 F 26 34 No 
7 F 29 33 No 
8 M 40 62 Yes 
9 F 40 48 No 
10 F 39 74 Yes 
11 M 44 48 No 
12 F 35 43 No 
13 M 46 60 No 
14 F 39 46 No 
15 F 22 57 No 


fort and technique preference by using either the ex- 
ternal posterior-lateral technique or an anterior trans- 
cricoid cartilage technique. Regardless of technique, 
all patients reported benefit, and all preferred the 
transcricoid technique. While benefit occurred in the 
majority of patients using a nonblinded subjective 
rating scale, the amount of improvement for patients 
with ABSD was much less than that reported for pa- 
tients with ADSD^ and of shorter duration of bene- 
fit.’ Objective blinded counts of voice breaks were 
significantly improved after TA Botox injection in 
patients with ADSD.* An objective assessment of 
speech symptom reduction in ABSD would help to 
further substantiate the patients’ perceived benefit 
with Botox injections into the PCA muscle. Also, a 
blinded measurement of symptom frequency effects 
would eliminate rater bias. In this study, we evalu- 
ated the treatment effects on blinded symptom counts 
and ratings of change in severity in subjects enrolled 
in a randomized crossover treatment comparison of 
PCA Botox. Our purpose was to compare changes in 
symptoms following different injection techniques 
that might vary in placement accuracy. 


METHODS 


Subjects. Twelve women and 3 men (Table 1) with 
ABSD were enrolled for study. The subjects ranged 
in age from 33 to 74 years at the time of enrollment 
in the study, with a mean of 48 years. The procedures 
were reviewed and approved by the Institutional Re- 
view Board of the National Institutes of Health as 
part of protocol number 85-N-195. Somé of these sub- 
jects had previously been treated with Botox. A mini- 
mum of 1 year had elapsed from the last Botox in- 
jection to participation in this study for each subject. 
The average time from onset of disease to participa- 


tion in the study was 12 years (Table 1). The sub- 
jects had no other signs of neurologic or speech dis- 
orders, and the diagnosis of ABSD was based upon 
findings from a flexible fiberoptic examination per- 
formed during various speech and phonatory tasks. 
The criteria for diagnosis included breathy breaks 
after voiceless consonants (/k/, /h/, /p/, /s/, and /t/) 
during connected speech either with or without an 
overall breathy voice quality. The voice interruptions 
were associated with prolonged abduction of the vo- 
cal folds following the voiceless consonant produc- 
tion when observed on fiberoptic laryngoscopy. No 
laryngeal movement abnormalities or asymmetries 
were noted during nonspeech tasks such as whistling 
and singing. Two subjects had concomitant vocal fold 
tremor. The patients received a "series" of Botox in- 
jections, 1 injection into each PCA muscle (spaced 2 
weeks apart) by 1 injection technique and returned 6 
months later for a second series of PCA injections 
by the other technique. Either the endoscopic tech- 
nique or the external approach technique was used 
for each series of 2 Botox injections. 


Protocol. For Botox injection into the PCA mus- 
cles, 2 injection techniques were used on each sub- 
ject in random order. We followed the external PCA 
injection technique of Blitzer et al^ and a modification 
of the endoscopic technique of Rhew et al5 for this 
study. The external PCA injection technique involves 
rotating the posterior aspect of the larynx toward the 
surface and passing a 27-gauge, 37-mm Teflon-coated 
needle immediately posterior to the free edge of the 
thyroid lamina, at the junction of the lower third and 
the upper two thirds of the lamina. The needle is 
passed through the inferior constrictor muscle and 
into the PCA muscle, and confirmation is obtained 
by recruitment with a sniff gesture and recruitment 
during the /s/ sound of the /si/ syllable. A second con- 
firmation is obtained by palpating the cricoid carti- 
lage with the tip of the needle. The endoscopic tech- 
nique required the use of an Olympus ENF-T3 (Olym- 
pus Corp, Lake Success, NY) fiberoptic laryngoscope 
with a 5-mm outer diameter and a 2.2-mm working 
channel. The larynx is visualized after adequate topi- 
cal anesthesia, and a disposable Mill-Rose sclero- 
therapy injection needle (Mill-Rose Laboratories, Inc, 
Mentor, Ohio) is passed through the working chan- 
nel of the fiberoptic scope. Under fiberoptic visual- 
ization, the PCA muscle is injected at the level of the 
cricoid cartilage. 


Our protocol for data collection and Botox injec- 
tions was the same for both the endoscopic and ex- 
ternal techniques. Initially, each patient received a 
pretreatment speech recording and fiberoptic laryn- 
geal examination. Five mouse units of Botox were 
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then injected into the PCA muscle under fiberoptic 
visualization for the endoscopic technique and un- 
der electromyographic guidance for the external ap- 
proach. The patient returned in 2 weeks and was asked 
to assess his or her symptomatic response and report 
his or her side effects, particularly any shortness of 
breath and/or stridor. If the patient noted symptom- 
atic benefit after the first injection, no additional Bo- 
tox was given. Posttreatment speech recording and 
fiberoptic laryngeal examination were performed. If 
the patient had no difficulty with airway obstruction 
and had no symptomatic benefit after the first Botox 
injection on 1 side, the opposite PCA muscle was 
injected with an additional 5 units of Botox by the 
same technique used in the initial injection of this 
series. The patient returned 2 weeks after injection 
and again reported side effects and his or her symp- 
tomatic response. Posttreatment speech recording and 
fiberoptic laryngeal examination were performed. 
The patient returned for a second series of PCA Botox 
injections after any residual benefit from the first in- 
jection had resolved and a minimum of 6 months had 
passed since the last injection. A fiberoptic laryngeal 
examination was repeated to confirm no residual im- 
pairment of abductor PCA activity. Pretreatment 
speech recordings were made before both the endo- 
scopic and external injection series. The second se- 
ries of Botox injections and data collection was per- 
formed in the same manner as the first series; only 
the injection technique varied. 


Analysis of Abductor Impairment. Transnasal fiber- 
optic examinations were performed before the PCA 
Botox injections and 2 weeks after each injection. 
These examinations included quiet breathing, deep 
inhalation, sniff gestures, sniff-/i/ gestures, and pro- 
longed /i/. In addition, the patients performed re- 
peated /i/, /mi/, /si/, /pi/, and /i/-/si/, as well as repeat- 
ing 3 sentences: ^We eat eels every day," "She speaks 
pleasingly,” and “Peter will keep at the peak." All 
fiberoptic examinations were dubbed onto a coded 
rating tape and were randomized across subjects and 
treatment conditions. A Board-certified otolaryngolo- 
gist experienced in fiberoptic evaluations of laryn- 
geal function rated the impairment of abduction for 
each fiberoptic laryngeal examination. The criteria 
for abduction impairment included evidence of ab- 
duction impairment, especially for the maximum-ab- 
duction gestures, ie, sniff, sniff-/i/, and deep inhala- 
tion. Each side was rated individually. The rater was 
blinded to treatment condition and subject identity. 
The rater identified a unilateral abduction movement 
impairment in 8% of the pretreatment evaluations. 
After the first PCA Botox injection, 81% of the evalu- 
ations demonstrated an abduction movement impair- 
ment on the side of the injection, and 15% on the side 


opposite the injection. After the second (ie, contralat- 
eral) PCA Botox injection, a unilateral abduction 
movement impairment on the side of the injection 
was identified in 47% of the evaluations. After the 
second PCA Botox injection, a residual unilateral ab- 
duction movement impairment on the side of the first 
injection was identified in 35% of the evaluations. 


Speech Symptom Recording and Measurement. A 
head-mounted microphone was positioned 2 inches 
(5 cm) from the mouth, and speech was recorded onto 
a digital audiotape. The speech recordings performed 
in the pretreatment and posttreatment periods were 
identical. The subjects listened to a prerecorded in- 
struction tape that presented several tasks to be re- 
peated. Five were sentences: “We mow our lawn all 
year," “A dog dug a new bone,” “The puppy bit the 
tape," “Did he go to the right or to the left?" and 
"When he comes home we'll feed him." A prolonged 
vowel /i/ lasting for 5 to 7 seconds was also recorded. 
The pretreatment and posttreatment speech samples 
for each patient were dubbed onto a digital audio- 
tape for listener measurement and rating. The pre- 
treatment and posttreatment speech samples were 
randomly ordered within each pre-post pair of speech 
samples for each injection technique. The pre-post 
sets were further randomized by patient and by in- 
jection type and coded without subject identification. 
Two speech-language pathologists experienced in the 
diagnosis and rating of symptoms of ABSD per- 
formed comparative ratings for the speech samples 
and counted symptoms within each of the 5 sentences 
for each sample. The raters were blind to injection 
type, preinjection-postinjection status, and subject 
identity. The raters also judged symptom severity on 
3 scales for "breathiness," “harshness,” and “trem- 
or” using a 4-point scale for each: “0” was within 
normal limits, *1" was mild with occasional devia- 
tion from normal only intermittently noticeable to 
others, “2” was a moderate deviation from normal 
that draws attention to itself, and “3” was a severe 
deviation from normal that would significantly im- 
pair speech intelligibility for communication. Rat- 
ings of breathiness and harshness were made from 
the sentence productions and the prolonged /i/ vowel, 
while the ratings of tremor were made only from the 
prolonged vowel. For the pre-post randomly ordered 
pairs, the raters compared the second speech sample 
to the first. A rating of "0" means no appreciable dif- 
ference, “+1” represents a mild to moderate improve- 
ment in the second sample, “—1” represents a mild 
to moderate decrement in the second sample, and +2 
represents normalization of symptoms. In addition 
to ratings, the number of noticeable vowel breaks, 
breathy breaks, and tremors within the sentences were 
counted. The mean count of the 2 raters.for each sam- 
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ple was used for the statistical analyses. The patients 
reported their symptom change at the time of their 
posttreatment speech recording. They provided rat- 
ings of either “no improvement,” “some improve- 
ment,” or “significant improvement.” 


Statistical Analyses. Paired t-tests were performed 
to compare the numbers of breaks occurring before 
and after treatment within subjects, separately for 
each treatment technique. A paired f-test also com- 
pared the changes in the number of breaks following 
the 2 injection approaches. The 95% confidence in- 
terval with a Bonferroni correction for 3 compari- 
sons resulted in a criterion p value of .017. A Y? analy- 
sis Was used to compare the frequencies of the raters' 
judgments of change in symptom severity following 
each injection type. Also, a possible relationship be- 
tween the patients' ratings and the speech patholo- 
gists’ ratings of benefit was examined with a Y? analy- 
sis. A third X? analysis compared the patient ratings 
of symptom change by injection type. 
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Fig 2. Box plots show median, distribution of mean, and 
standard error for reduction in voice breaks. 


RESULTS 


The randomized assignment to injection type re- 
sulted in 7 patients' receiving the percutaneous injec- 
tion type first, followed by the endoscopic technique, 
and 4 patients’ receiving the endoscopic approach 
first, followed by the percutaneous type. Four sub- 
jects received injections only via the external approach 
because of difficulties in introducing the Olympus 
ENF T-3 scope through the nasal cavity of subjects 
with narrow nasal airways. Only 1 patient developed 
stridor, which resolved without medical intervention 
within 1 week of injection (her first injection, using 
the endoscopic technique). No other side effects were 
reported. 


Of the 15 patients treated in this study, 11 reported 
some benefit from at least 1 of the series of PCA 
injections. The only patient who developed stridor, 
beginning 2 days after the first of a series of Botox 
injections, had a significant reduction in symptoms 
following the unilateral injection. The stridor episode 
precluded injection on the opposite side. The remain- 
der of the patients received bilateral injections 2 
weeks apart. Four of the 11 patients reporting bene- 
fit reported no benefit after the first PCA side was 
injected and only received subjective benefit after 
the second side was injected. 


The ratings of the speech pathologists were ex- 
amined for agreement. The counts of the numbers of 
breaks in sentences were within 1 break of agree- 
ment on 84.4% of the ratings. The 2 sets of counts 
had a Pearson correlation coefficient of .957. The 
judgments of change in symptoms were the same be- 
tween the 2 raters 85% of the time, and all were within 
1 interval of agreement. 


While the average number of breathy breaks de- 
creased from 10 to 8 after treatment with either in- 
jection technique, the paired r-test comparisons were 
not statistically significant for the endoscopic (t = 
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TABLE 2. FREQUENCY DISTRIBUTION OF PATIENT 
RATINGS AND SPEECH PATHOLOGIST RATINGS OF 


BENEFIT 
Speech-Language Patient Ratings 

Pathologist No |" Some Significant 
Ratings Improvement Improvement Improvement 

—1.0 1 1 1 

—0.5 1 0 0 

0.0 7 3 4 

0.5 0 1 0 

1.0 2 3 1 

1.5 0 0 1 

Total 11 8 7 


Speech-language pathologist ratings were averaged across raters, with 
rating of 0 meaning no appreciable difference, +1 representing mild 
to moderate improvement, —1 representing mild to moderate decre- 
ment, and +2 representing normalization of symptoms. 


—.928; p = .37) or the percutaneous approach (t = 
—1.892; p = .08; Fig 1). An average decrease of 1.4 
breaks followed the endoscopic approach, and a de- 
crease of 1.3 breaks followed the percutaneous ap- 
proach (Fig 2). The ratings of symptom change made 
by the speech pathologists did not reveal any statis- 
tical differences by injection type on Y? analyses (p 
= ,5). Table 2 is a frequency distribution table of the 
relationship between patient and speech pathologist 
ratings for both injection types. The y? analysis of 
these data showed no statistical relationship between 
patient ratings and speech pathologist ratings of ben- 
efit (p = .75). The X? analysis for patient rating of 
symptom change by injection type showed no statis- 
tically significant differences (p = .72). The patients 
with perceived treatment benefits did not differ on 
the speech pathologists' breathy break counts (F — 
.149; p = .86). However, patients who perceived some 
benefit had a greater reduction in number of breaks 
than subjects who perceived no benefit (Fig 3). 


DISCUSSION 


The movement analysis performed after the first 
PCA Botox injection demonstrated an 81% abduc- 
tion movement impairment on the side of the first 
injection. Rating asymmetric movement impairment 
after the second injection was difficult because of 
residual abduction impairment from the first injec- 
tion. Possible explanations for the 19% who failed 
to develop movement impairment include inaccurate 
placement of Botox outside the PCA muscle, injec- 
tion of an inadequate amount of Botox to achieve 
movement impairment, errors in the rating technique, 
and a return of abduction activity within the first 2 
weeks after the injection. Inaccurate placement was 
limited by use of electromyographic guidance for the 
external Botox injections and visual guidance for the 
endoscopic technique. As with Botox injections into 
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Fig 3. Box plots show median, distribution of mean, and 
standard error for reduction in voice breaks when sub- 
jects are grouped according to their perceived degree of 
benefit following completion of Botox treatment series. 


the TA muscle in patients with ADSD, a wide range 
of dosages can be injected. Injection doses of 5 units 
separated 2 weeks apart were chosen for this study 
on the basis of the experience of Blitzer et al.4 This 
dosage was chosen to minimize severe impairment 
of PCA function and thus avoid airway obstruction 
symptoms. Despite our attempts to prevent this com- 
plication, 1 patient developed stridor after her first 
unilateral Botox injection, and this was the only pa- 
tient who perceived a benefit after a unilateral PCA 
injection. While surgical intervention is not usually 
required for airway obstruction symptoms due to PCA 
impairment after Botox injection, patients are often 
uncomfortable with exertion and while lying down. 
Airway obstruction may be the primary limiting fac- 
tor for the utility of Botox for symptom control in 
patients with ABSD. 


In evaluating the 2 methods of placement of Botox 
into the PCA muscle, we found no significant differ- 
ences between the techniques in treatment benefit. 
Patients with a small nasal airway often found the 
endoscopic approach more uncomfortable. However, 
placement of the Botox into the PCA muscle was 
accomplished with visual certainty. Placement of Bo- 
tox into the PCA muscle by the percutaneous tech- 
nique 1s less certain. Electromyographic identifica- 
tion is difficult because of surrounding muscular ac- 
tivity from the strap and inferior constrictor muscles. 
Also, the need to rotate the larynx while the verifica- 
tion gestures aré performed makes this technique less 
reliable. Some patients found the percutaneous ap- 
proach uncomfortable because of stimulation of the 
pyriform sinus mucosa with referred pain to the ear. 
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Additional techniques have been developed, but 
were not evaluated in this study, including an anteri- 
or approach and a transoral approach.?-!9 All of these 
techniques appear adequate for allowing for place- 
ment of Botox into the PCA muscles. From this study, 
we found no difference in benefit that was related to 
the injection technique. We recommend, therefore, 
that the choice of technique be directed by either the 
comfort of the patient or the physician's familiarity 
with the technique. 


Botox has been established as an effective treat- 
ment for patients with ADSD through controlled treat- 
ment trials.!! Previous trials of PCA Botox injections 
for patients with ABSD have been limited to analy- 
sis of patient-perceived benefit. In a study of the 
effects of CT Botox injection in ABSD, no signifi- 
cant change was found in acoustic measures of voice- 
less consonant duration, although 6 of the 10 patients 
reported benefit.? In this study, we evaluated the treat- 
ment response of Botox delivered into the PCA mus- 
cles using 2 different assessment techniques: 1 blinded 
and quantitative, the other based on subjective pa- 
tient report. The subjective treatment response of the 
patients was that 73% reported benefit with at least 
l injection, which compares favorably with the lit- 
erature.?:47 However, we found little correlation be- 
tween blinded measures of breathy breaks or speech 
pathologist ratings of benefit and the patients' sub- 
jective treatment response. In a previous study using 
a similar rating scale for ADSD, the ratings were sig- 
nificantly improved after TA Botox injection, and the 
changes in the speech pathologist ratings correlated 
significantly with changes in the number of TA mus- 
cle bursts after treatment.? In addition, breathy breaks 
were not significantly reduced after Botox injection 
in this study of ABSD using a quantification tech- 
nique similar to that previously shown to demonstrate 
significant improvements in patients with ADSD.8 


The differences in patient versus speech patholo- 
gist subjective ratings of benefit may be explained 
by a placebo effect or by a true benefit perceived by 
the patient that cannot be perceived by others. The 
major complaint of patients with either ADSD or 
ABSD is excessive effort required while speaking. 
Benefit may be related to a perception of diminished 
effort following muscle injection. Diminished effort 
was not measured in this study. Measures of dimin- 
ished effort may be related to adductory strength, 
which is reflected in part by computation of laryn- 
geal resistance with an airway interrupter.!? Laryn- 


geal resistance is dependent, however, upon both ad- 
ductory force and subglottal pressure.!? The percep- 
tion of effort may also depend upon several addi- 
tional factors, such as proprioceptive feedback from 
the laryngeal muscles and joints experienced by pa- 
tients during speech. À quantitative assessment of per- 
ceived effort would be difficult to develop. 


Another possible explanation for the limited bene- 
fits from PCA Botox injections found in this study is 
a possible subject selection bias. Some patients had 
been previously treated with Botox for ABSD at the 
National Institutes of Health in the past, and a mini- 
mum of 1 year had elapsed since the last Botox in- 
jection. This time period was established to mini- 
mize contamination of the data by previous injec- 
tions. These patients were not enrolled in this study 
because of a previous failure to receive benefit from 
Botox injections. Rather, these patients were involved 
in our protocol because of limited access to a facil- 
ity that could administer Botox into the PCA muscles 
in their area. Most patients traveled by airplane to 
participate in this study. 


Additionally, the limited benefit in ABSD may also 
be explained by differences in the pathophysiology 
of these 2 forms of spasmodic dysphonia. The patho- 
physiology of ABSD may not necessarily be due to 
excessive activity of the PCA muscle. Previous stud- 
ies have demonstrated bursting activity in the TA mus- 
cles coincident with voice interruptions in patients 
with ADSD.!^ Studies of the PCA muscle in ABSD 
have not shown abnormal activity levels of this mus- 
cle as compared to those of normal controls.!5:16 In 
some patients, an imbalance in TA muscle activity 
between the 2 sides occurs during a breathy voice 
break.”:!? Therefore, using a technique that reduces 
muscle activity in a disorder that is not always char- 
acterized by excessive muscle activity may explain 
the more limited benefit of Botox in ABSD as com- 
pared to ADSD. 


If ABSD is a negative dystonia, therapy may be 
better aimed at effecting vocal fold closure during 
the vocalization following a voiceless consonant. À 
static medialization procedure has been employed and 
has resulted in limited benefit in some patients. ^15 A 
dynamic medialization technique could be effected 
by functional electrical stimulation. Partial success 
with such an approach was reported by Friedman et 
31,1220 and the technique is currently under investi- 
gation in our laboratory. 
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DURATION OF STENTING IN SINGLE-STAGE LARYNGOTRACHEAL 
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In single-stage laryngotracheal reconstruction (ss-LTR), the endotracheal tube is used as a stent. The optimal duration of stenting 
is not known. The stenting period requires a stay in the intensive care unit, as the patient is intubated. Sedation and, rarely, paralysis 
may be required. An analysis from a prospectively collected database was performed to investigate the effect of length of stenting on 
the outcome of ss-LTR. The outcomes used were reintubation rate and postoperative tracheostomy rate. Patients with anterior costal 
graft ss-LTR were selected, as they had undergone similar procedures and have similar stenosis types and grades. In 101 patients, the 
duration of stenting ranged from 2 to 14 days (mean, 7 days; SD, 2.6 days). No significant correlation was found between the number 
of days stented and the reintubation rate or the postoperative tracheostomy rate. Patients stented for longer than 1 week were an 
average of 15 months younger than those stented for less than 1 week; however, the stenosis grades for the two populations were 
equivalent. The differences in rates of reintubation (p = .68) and postoperative tracheostomy (p = .52) in these 2 groups were not 
significant. For patients undergoing ss-LTR with anterior costal cartilage grafts, no correlation was found between the number of 
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days stented (intubated) and the reintubation rate or the postoperative tracheostomy rate. 


KEY WORDS — pediatric laryngotracheal reconstruction, stenting, subglottic stenosis. 


INTRODUCTION 


The past 3 decades have seen many advances in 
the surgical management of laryngotracheal steno- 
sis in children. The number of surgical procedures 
available for treatment of pediatric laryngotracheal 
stenosis has steadily risen.!? The single-stage ap- 
proach utilizes the endotracheal tube as a stent for 
the reconstruction in the postoperative period. It also 
secures the airway, enabling the tracheostomy to be 
excised at the time of reconstruction. 


In 1980, Cotton and Seid^ described the anterior 
cricoid split procedure as an alternative to tracheos- 
tomy in intubated neonates who could not be extu- 
bated because of subglottic edema and granulation 
tissue. It was demonstrated that the endotracheal tube 
could serve as a stent and also as a temporary air- 
way. Application of this technique to older children 
gave rise to the single-stage laryngotracheoplasty.? 
This approach has been used with anterior cartilage 
grafts alone, posterior cartilage grafts alone, and com- 
bined anterior and posterior cartilage grafts. Varia- 
tions on grafting techniques have included the poste- 
rior split technique, which may be combined with an 
anterior graft. Lateral cuts have been made in the 


cricoid cartilage, and combinations of these tech- 
niques, such as the 4-quadrant split technique, have 
been used. These operations are now considered to- 
gether under the combined heading of single-stage 
laryngotracheal reconstruction (LTR).°® 


The proportion of LTR procedures performed with 
the single-stage approach has progressively risen. As 
a general principle, the single-stage approach has been 
reserved for children with normal pulmonary func- 
tion, as they cope better with the prolonged intuba- 
tion period. The technique was initially reserved for 
mild stenoses, but with time, more severe stenoses 
have come to be treated this way. 


The optimal duration of stenting with the endo- 
tracheal tube in single-stage LTR is not known. A 
long period has many risks, including those of seda- 
tion, laryngeal edema secondary to the tube, and even 
subglottic stenosis. There are important cost impli- 
cations in keeping patients in intensive care. A short 
period of stenting is preferred, as long as the ulti- 
mate success of the procedure is not compromised. 


The goal of this study was to retrospectively ana- 
lyze the results of 101 patients with subglottic steno- 
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A no. of days stented 








B no. of days stented 


Duration of stenting in 101 patients with single-stage laryngotracheal reconstruction with anterior costal cartilage graft. A) 
Rate of postoperative reintubation. B) Rate of postoperative tracheostomy. 


sis who underwent single-stage LTR with anterior 
costal cartilage grafts to determine whether the dura- 
tion of stenting influenced the outcome. The princi- 
pal outcome measures used were reintubation rate and 
postoperative tracheostomy rate. 


MATERIALS AND METHODS 


In this institution, a prospective database of all air- 
way surgery has been kept since 1974. It includes 
more than 1,000 LTR procedures. We identified 206 
patients as having undergone single-stage LTR be- 
tween 1986 and 1998. This group had a variety of 
different procedures, including anterior costal carti- 
lage grafts, posterior costal cartilage grafts, combined 
anterior and posterior costal cartilage grafts, ante- 
rior grafts with posterior cricoid splits, auricular car- 
tilage grafts, and thyroid alar cartilage grafts. The 
heterogeneity of the surgical procedures used made 
the total group inappropriate for analysis as to the 
effect of length of stenting. Within the total group 
were 101 patients who had undergone LTR with an- 
terior costal cartilage grafts only. These were selected 
for further analysis as a large group of patients with 
similar stenoses who had undergone the same opera- 
tive procedure. 


The ages of the 101 children ranged from 7 months 
to 18 years (mean, 52 months). There were 67 boys 
and 34 girls. Associated airway disease was present 
in 18 patients: 17 had tracheomalacia and 1 had la- 
ryngomalacia. The tracheomalacia was assessed by 
an experienced otolaryngologist as mild in 9 cases, 
moderate in 7 cases, and severe in | case. Three pa- 
tients had Down syndrome. Four patients had cere- 
bral palsy. 


All patients had subglottic stenosis without glot- 
tic involvement. The vast majority of patients had 
acquired stenosis due to previous intubation, but 4 


had congenital stenosis. The stenoses were graded 
on the Myer-Cotton scale’: 17 patients had grade 1 
stenosis, 43 patients had grade 2 stenosis, 18 patients 
had grade 3 stenosis, and 1 patient had grade 4 steno- 
SIS. 


The original decision as to how long to leave the 
stent in place was based on experience with the an- 
terior cricoid split procedure for failed extubation in 
neonates. Around | to 2 weeks was used, and was 
successful in the majority of cases. Over a 10-year 
period, shorter stenting times have been introduced 
with varying success. No comprehensive analysis of 
the outcomes of these experiments with shorter stent- 
ing times had been performed, and this was the rea- 
son for this study. In theory, younger patients and 
those with more severe stenosis might be stented for 
longer times. In this study, the grade of stenosis was 
found to be equivalent in those intubated into the 
second week, and the age was only slightly different 
(58 months in those intubated less than 1 week and 
43 months in those intubated more than | week). 


The goal of this study was to examine the effect 
of length of stenting on rates of reintubation and post- 
operative tracheostomy. 


RESULTS 


One hundred one children underwent single-stage 
LTR with anterior costal cartilage grafts between Jan- 
uary 1987 and September 1998. The length of stent- 
ing (duration of intubation) ranged from 2 to 14 days 
(median, 8 days). The day-by-day distribution of the 
length of stenting is illustrated in the Figure. The Fig- 
ure also shows the number of patients reintubated 
and the number of patients undergoing postopera- 
tive tracheostomies as a function of the number of 
days stented. 


Overall, 24 patients (2496) required reintubation, 
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and 9 patients (9%) required postoperative tracheos- 
tomy. With further reconstructive surgery, 4 of these 
9 patients were decannulated, for an ultimate de- 
cannulation rate of 95% for these patients. 


DATA ANALYSIS 


Patients with a longer duration of stenting were 
compared with those who had a shorter duration of 
stenting. Spearman’s test was used to assess the cor- 
relation between the number of days stented and the 
postoperative tracheostomy rate and reintubation rate. 
No significant correlation was found between the du- 
ration of stenting and the reintubation rate (r = .284) 
or the postoperative tracheostomy rate (r = .367). 


The patients were then divided into 2 approximate- 
ly equal-size groups for comparison: those stented for 
less than 1 week (57 patients; mean age, 58 months) 
and those stented for more than 1 week (44 patients; 
mean age, 43 months). The stenosis grades in the 2 
groups were equivalent. In the group stented for 1 
week or less, 15 patients required reintubation (26%) 
and 6 required postoperative tracheostomy. In the 
group stented into the second week, 10 patients re- 
quired reintubation (2696) and 3 required postopera- 
tive tracheostomy. 


The X? test was used to examine the frequency 
distribution of reintubation and postoperative trache- 
ostomy in the 2 groups (group 1 being those stented 
for less than 1 week and group 2 being those stented 
for 8 to 14 days). The null hypothesis was that it 
makes no difference to the occurrence of reintubation 
or postoperative tracheostomy whether the patient is 
intubated for more than 1 week or less than 1 week. 
The p values of .68 and .51 were obtained for reintu- 
bation and postoperative tracheostomy, respectively, 
and the null hypothesis is upheld. 


DISCUSSION 


When assessing a child with laryngotracheal steno- 
sis before and during operation, the surgeon now has 
to make a number of decisions. First, the type of pro- 
cedure must be decided on, and cricotracheal resec- 
tion is now an established alternative to LTR for se- 
lected stenoses.*-!2 If LTR is preferred, decisions must 
be made as to the type of graft, the position of the 
graft, the method of stenting, and the duration of 
stenting. A further consideration is the use of antire- 
flux medication, antibiotics, or steroids, or the pos- 
sible postoperative use of mitomycin-C to prevent 
restenosis. At the current time, randomized, controlled 
trials to help the surgeon make these decisions have 
not been performed. In view of the rarity of pediat- 
ric laryngotracheal stenosis and the large variation 
in type and severity of stenoses, we cannot expect 


guidance from controlled trials in matched patients 
with equivalent disease in the near future. 


The next-best option is to use information from 
prospectively collected databases to guide our sur- 
gical decision-making. Large numbers enable us to 
select patients with equivalent disease and compare 
variations in treatment and their effect on selected 
outcome measures. 


In this study, we examine 1 aspect of the practice 
of LTR in detail. We have selected a specific group 
of patients undergoing anterior costal cartilage graft 
LTR, as this group are likely to have similar stenosis 
types and grades and to have had similar surgical 
interventions. The choice of the duration of stenting 
has been based on the initial descriptions of the pro- 
cedure supplemented by experience. Over a 10-year 
period, shorter stenting periods have been tried. No 
overall analysis of the effect of shortening the stenting 
period has, however, previously been made. In this 
study, no significant correlation was found between 
the duration of stenting and the reintubation rate (r — 
.284) or the postoperative tracheostomy rate (r — 
.367). The Y? test was used to examine the frequency 
of reintubation and tracheostomy in the 2 groups of 
patients (group 1 being those stented for 1 week or 
less and group 2 being those intubated for 8 to 14 
days). The p values of .68 and .51 were obtained for 
the occurrence of reintubation and postoperative tra- 
cheostomy, respectively. 


Therefore, the differences in reintubation rate and 
postoperative tracheostomy rate between the 2 groups 
are not statistically significant. This statement should 
be qualified with the acknowledgment that the deci- 
sion as to how long to keep the stent was not ran- 
domized. Patients selected to be stented for longer 
periods may have had more severe problems. Against 
this qualification is the observation that the stenosis 
grades were no higher in the patients stented for more 
than 1 week. The ages in the 2 groups differ slightly, 
with the group stented for 1 week or less being an 
average of 15 months older. This difference reflects 
the clinical practice of stenting younger children for 
slightly longer periods. 


Overall, the patients who have longer stenting pe- 
riods have reintubation and postoperative tracheos- 
tomy rates similar to those of patients with shorter 
stenting periods. The likely explanation is that long 
stenting periods do not give extra benefit. The next 
step is to try shorter stenting periods and carefully 
audit the results. Since this study was carried out, 2 
patients were successfully extubated on postopera- 
tive day 3, and 1 patient underwent a single-stage 
LTR with an anterior costal cartilage graft and was 
extubated successfully the following day. With time, 
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our experience with a shorter stenting period in this 
selected group of patients will increase, but the ini- 
tial results are encouraging. 


One might ask the question, why use stents at all? 
It is likely that some form of structural support for 
the reconstruction in the initial stages of healing is 
helpful. For an anterior costal cartilage graft single- 
stage LTR, astentis probably only required for a short 
time, as a stable reconstruction is usually created. If 
.the cartilage is carved into a shape such that it does 
not tend to prolapse into the lumen, then the stent is 
less important. Anterior costal cartilage grafts have 
been used successfully without stents as part of a 2- 
stage procedure, and it is possible that in certain cir- 
cumstances they could be used in a single-stage pro- 
cedure. This procedure would, however, leave the 
patient totally dependent on the newly reconstructed 
airway. Graft prolapse could lead to acute airway ob- 
struction, which could be fatal. If reintubation were 
required, then a tube would need to be passed through 
the newly reconstructed airway, with potential dis- 


ruption. For these reasons, we have not extubated 
patients at the end of the operation, but rather, hàve 
waited until the surgeon feels confident that suffi- - 
cient healing has occurred for the graft to be stable. 
If anterior and posterior grafts are used, the recon- 
struction is less stable, as the cricoid ring is split in 2 
places, and it would be expected that stenting is more 
important. The surgeon has to make a decision about 
stenting type and duration in all cases on the basis of 
the unique structure of the reconstruction in an indi- 
vidual patient. 


CONCLUSION 


For patients undergoing single-stage LTR with a 
single anterior costal cartilage graft, no significant 
correlation was found between the duration of stent- 
ing and the reintubation rate or the postoperative tra- 
cheostomy rate. The implication is that shorter peri- 
ods of stenting may be appropriate, with reduced mor- 
bidity and cost. No added advantage was found in 
stenting patients with anterior costal cartilage graft 
single-stage LTR for more than 1 week. 
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FINE STRUCTURE OF THE HUMAN NEWBORN AND INFANT VOCAL 
FOLD MUCOSAE 


KIMINORI SATO, MD, PHD 


MINORU HIRANO, MD TADASHI NAKASHIMA, MD 


KURUME, JAPAN 


This study was carried out to determine the fine structure of the membranous portion of the human newborn and infant vocal fold 
mucosae and to clarify how the human vocal fold mucosa begins to grow after birth. Light and electron microscopic observations 
were made on the vocal fold mucosae excised from human newborn and infant larynges. Our findings are summarized as follows. 1) 
Reinke’s space of the newborn vocal fold is a loose structure composed of ground substance and sparse fibers. 2) Ground substance 
is abundant and glycoproteins (fibronectin) are present in the lamina propria. 3) In the maculae flavae of newborn vocal folds, 
fibroblasts begin to form collagenous, reticular, and elastic fibers. 4) In the infant maculae flavae, fibroblasts are activated to become 
stellate in shape and synthesize extracellular matrices such as collagenous and reticular fibers. 5) After birth, the collagenous and 
reticular fibers synthesized in the maculae flavae extend toward the middle of the membranous portion of the vocal fold mucosa. 6) 
Glycoprotein (fibronectin) determines the orientation of collagenous and reticular fiber deposition. 7) Glycoprotein (fibronectin) 

-decreases with the increase of the fibrous components in Reinke’s space. 8) Elastic fibers increase after collagenous and reticular 
fibers appear in Reinke’s space. 9) Much hyaluronic acid (glycosaminoglycan) is actively produced in the infant maculae flavae. 10) 
The collagenous and reticular fibers serve as stabilizing scaffolds for the other extracellular matrices, such as elastic fibers and 
glycosaminoglycan. During infancy, the extracellular matrices synthesized in the maculae flavae appear in the membranous portion 
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_of the vocal fold, each at a different time, so as to initiate the 3-dimensional formation of the vocal fold mucosa. 


KEY WORDS — extracellular matrix, histology of larynx, infant, larynx, newborn, vocal fold. 


INTRODUCTION 


In adults, the vocal fold has a layered structure 
consisting of the epithelium, the lamina propria (su- 
perficial, intermediate, and deep layers), and the vo- 
calis muscle.!? These structures are required for pho- 
nation.! 


Hirano et al>? have reported light microscopic 
studies of newborn vocal folds. The structures were 
found to differ from those of adults. In newborn vo- 
cal folds, the entire lamina propria appears as a uni- 
form structure with no vocal ligament.?? The lay- 
ered structure of the vocal fold matures during ado- 
lescence.? The maculae flavae of the mucosa of hu- 
man newborn vocal folds, situated at the anterior and 
posterior ends of the vocal folds, have been exam- 
ined by electron microscopy.^ The newborn macu- 
lae flavae are considered important for the growth 


. and development of the vocal ligament.* 


The growth and development of the layered struc- 
ture of the human vocal fold mucosa have not been 
adequately examined. Our study investigated the fine 
structure of the lamina propria, the most important 
vibrating structure, of human newborn and infant vo- 
cal fold mucosae so as to clarify how the growth of 
the human vocal fold mucosa is initiated. 


MATERIALS AND METHODS 


Eight normal human newborn (4) and infant (4) 
vocal folds from autopsy cases were examined. Four 
were from boys and 4 from girls. 


For light microscopy, the specimens were fixed in 
10% formalin, dehydrated in graded concentrations 
of ethanol, and embedded in paraffin. Hematoxylin 
and eosin, elastica—van Gieson, silver, periodic acid— 
Schiff, and Alcian blue stains were employed for each 
section. Elastica—van Gieson staining was used for 
the identification of collagenous and elastic fibers. 
Silver staining was done for reticular fibers and col- 
lagenous fibers, and Alcian blue staining (pH 1.0 and 
pH 2.5) for glycosaminoglycan. For the hyaluroni- 
dase digestion study, 50 mg of bovine testis hyal- 
uronidase (Sigma, St Louis, Mo) was diluted in 100 
mL of phosphate-buffered saline (PBS) solution. Thin 
sections were incubated in the diluted hyaluronidase 
solution for 2 hours at 37?C. The thin sections were 
subsequently stained with Alcian blue (pH 2.5). Type 
I collagen, type III collagen, and fibronectin were 
detected histologically in formalin-fixed and paraf- 
fin-embedded tissue by immunohistochemical study, 
for which a labeled sireptavidin-biotin staining kit 
(Dako, Carpinteria, Calif) was used. All specimens 
were sectioned at 5- to 6-um thickness and mounted 
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Fig 1. Horizontal section of newborn vocal fold (elas- 
tica-van Gieson stain, original x25). AMF — anterior 
macula flava, PMF — posterior macula flava, RS — 
Reinke's space, VM — vocalis muscle. 


on glass slides. Deparaffinized and hydrated sections 
were rinsed with 0.01-mol/L PBS solution at pH 7.4. 
The specimens were covered with 396 hydrogen per- 
oxide for 5 minutes and rinsed with 0.01-mol/L PBS 
solution, then treated with normal goat serum. The 
specimens were then incubated with the primary an- 
tibody overnight at 4°C. A 1:100 diluted polyclonal 
antibody against type I and type III collagens (Chem- 
icon International Inc, Temecula, Calif) was used. A 
1:50 diluted polyclonal antibody against fibronectin 
(ICN Pharmaceuticals Inc, Aurora, Ohio) was used. 
After rinsing with PBS solution and labeling with the 
streptavidin-biotin staining kit, a color reaction was 
developed with 3,3'-diaminobenzidine at room tem- 
perature. Immunoreactivity was examined by light 
microscopy. 


For transmission electron microscopy, the speci- 
mens were fixed in 2.5% glutaraldehyde at 4°C for 2 
hours, rinsed with cacodylate buffer solution, and 
postfixed in 2% osmium tetroxide with cacodylate 
buffer solution at 4°C for 2 hours. After rinsing with 
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cacodylate buffer solution, the specimens were de- 
hydrated in graded concentrations of ethanol and em- 
bedded in epoxy resin. Semithin sections were pre- 
pared with an ultramicrotome, stained with 1% tolui- 
dine blue, and examined with a light microscope. 
Thin sections were made with an ultramicrotome and 
stained with uranyl acetate and lead citrate, tannic 
acid so as to make the glycoprotein and elastin ap- 
parent. Observations were conducted with a JEM- 
2000EX transmission electron microscope. 


RESULTS 
NEWBORN VOCAL FOLD MUCOSA 


In newborns, the entire lamina propria of the vo- 
cal fold mucosa was loose, and no structure corre- 
sponding to the vocal ligament could be found (Fig 


|). 


The maculae flavae of the newborn vocal fold were 
formed by relatively dense masses of cells (Fig 1). 
The maculae flavae were composed of fibroblasts, 
ground substance, elastic fibers, reticular fibers, and 
collagenous fibers. Cellular components were abun- 
dant, and fibrous components were sparse. More col- 
lagenous fibers were present than elastic fibers. 


Reinke's space of the newborn vocal fold was a 
loose structure (Fig 1) chiefly composed of ground 
substance, fibroblasts, reticular fibers, collagenous 
fibers, and elastic fibers. Fibrous components were 
sparse. 


Fibroblasts. In the newborn maculae flavae, many 
fibroblasts were present; the density was great. The 
fibroblasts were oval or stellate in shape, with a large 
nucleus-cytoplasm ratio (Fig 2A). The rough endo- 
plasmic reticulum and Golgi apparatus in the cyto- 
plasm were not well developed. Free ribosomes were 
well developed in the cytoplasm (Fig 2B). A basal 
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Fig 2. Transmission electron micrograph of newborn macula flava (tannic acid stain). A) N — nucleus of fibroblast. CF — 
collagenous fiber, EF — elastic fiber. B) Intracellular organelles of fibroblast (B region on A). rER — rough endoplasmic 
reticulum, G — Golgi apparatus, Bb — basal body, Fr — free ribosome. 
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Fig 3. Transmission electron micrographs (tannic acid stain). A) Fibers in newborn Reinke’s space. CF — collagenous fiber, 
EF — elastic fiber, as — amorphous substance, mf — microfibril. B) Synthesis of collagenous fibers and elastic fibers by 
fibroblasts in newborn macula flava. v — vesicle, am — amorphous material, mf — microfibril, cf — collagenous fibril, el — 
elastin. 


body was seen in the cytoplasm (Fig 2B). The fibro- 
blasts were immature and possessed some features 
of mesenchymal cells. In the cytoplasm of some fi- 
broblasts, rough endoplasmic reticulum and Golgi 
apparatus could be seen (Fig 2B). Newly released 
amorphous material was present on the cell surfaces. 
Some fibers were seen close to fibroblasts. Some fi- 
broblasts had started to synthesize extracellular ma- 
trices, such as collagenous fibers, reticular fibers, and 
elastic fibers. Periodic acid—Schiff stain, type I col- 
lagen, and type III collagen stained few components 
in the cytoplasm of the fibroblasts. 


Fibroblasts were sparse in Reinke's space of the 
newborn vocal fold mucosa (Fig 1), but their den- 
sity was greater than it is in adults. The fibroblasts 
were not spindle-shaped, but oval. The nucleus-cy- 
toplasm ratio was large, and the cytoplasm occupied 
a small area around the nucleus. The rough endoplas- 
mic reticulum and Golgi apparatus were not well de- 
veloped — a finding indicating that these cells were 
in the resting phase. Few vesicles were present along 
the periphery of the cytoplasm. Newly released amor- 
phous material was scarce on the cell surface. Few 
fibers could be seen close to fibroblasts. Periodic 
acid-Schiff stain, type I collagen, and type III col- 
lagen stained few components in the cytoplasm of 
fibroblasts in Reinke's space. 


Collagenous and Reticular Fibers. Collagenous 
and reticular fibers were fewer in either the maculae 
flavae or Reinke's space of the newborn vocal fold 
mucosa than in that of adults. The collagenous fi- 
bers were made up of numerous collagenous fibrils 
approximately 40 to 50 nm in width (Fig 3A). The 
collagenous fibers were almost mature. 


The collagenous fibers were synthesized by the 
fibroblasts in the maculae flavae (Fig 3B). There were 


vesicles along the periphery of fibroblasts in the mac- 
ulae flavae. Newly released amorphous materials 
were seen on the fibroblast surfaces. Microfibrils 10 
to 15 nm in width were near the amorphous materi- 
als, and collagenous fibrils were close to the micro- 
fibrils. 

Elastic Fibers. The number of elastic fibers was 
small compared to the number of collagenous fibers. 
The elastic fibers were composed of microfibrils and 
amorphous substances (Fig 3A). The former were 
abundant, and the latter were sparse and reticular in 
shape (Fig 3A), indicating that the elastic fibers were 
immature. 


Synthesis of elastic fibers had taken place in the 
maculae flavae (Fig 3B). There were vesicles along 
the periphery of the cytoplasm of the fibroblasts. 
Newly released amorphous materials were seen on 
the cell surface. Microfibrils 10 to 15 nm in width 
were situated around the amorphous materials. The 
microfibrils were assembled, and elastin was depos- 
ited on them. 


Ground Substance. Much glycoprotein (fibronec- 
tin) was present in the newborn vocal fold mucosa 
(Fig 4). The ground substance contained a floccu- 
lent material that stained with tannic acid and was 
abundant in the lamina propria of the newborn vocal 
fold mucosa (Fig 4A). Thus, much glycoprotein could 
be seen by electron microscopy. Reinke's space of 
the newborn vocal fold mucosa stained with fibro- 
nectin immunohistochemically (Fig 4B). 


INFANT VOCAL FOLD MUCOSA 


The maculae flavae of the infant vocal folds were 
also relatively dense masses of cells. The maculae 
flavae were composed of collagenous fibers, reticu- 
lar fibers, fibroblasts, ground substance, and elastic 
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Fig 4. Reinke's space in newborn. A) Transmission electron oat shows HR (GP: tannic acid stain). CF — 
collagenous fiber, EF — elastic fiber. B) Immunohistochemical staining shows fibronectin (brown color: original x200). F — 





fibroblast. 


fibers. Cellular components were more abundant than 
fibrous components. The fibrous components had in- 
creased by comparison to those of the newborn macu- 
lae flavae (Fig 5). More reticular and collagenous fi- 
bers were present than elastic fibers (Fig 5). 


Many reticular and collagenous fibers extended 
from the maculae flavae toward the middle of Rein- 
ke's space of the infant vocal fold mucosa (Fig 6). 
No structure corresponding to the vocal ligament 
could be found. Reticular and collagenous fibers were 
seen throughout the entire lamina propria, running 
roughly parallel to the vocal fold edge (Fig 6). There 
were elastic fibers in Reinke's space, but their den- 
sity was sparse (Fig 6A). 

Fibroblasts. In infant maculae flavae, many fibro- 
blasts were noted, and their density was also high 
(Fig 7). Many fibroblasts were stellate in shape (Fig 
7) and had a small nucleus-cytoplasm ratio. The 
rough endoplasmic reticulum and Golgi apparatus 
in the cytoplasm were developed. Newly released 
amorphous material was present on the cell surfaces. 


Some fibers were seen close to fibroblasts. Stellate 
fibroblasts showed strong cytoplasmic staining with 
periodic acid—Schiff stain (Fig 7A) and type III colla- 
gen (Fig 7B). Type I collagen stained few compo- 
nents in the cytoplasm. 


Fibroblasts were sparse in Reinke's space of the 
infant vocal fold mucosa. Many fibroblasts were spin- 
dle-shaped. The nucleus-cytoplasm ratio was large, 
and the cytoplasm occupied a small area around the 
nucleus. The rough endoplasmic reticulum and Golgi 
apparatus were not well developed, indicating that 
the fibroblasts were in the resting phase. Few vesicles 
were present along the periphery of the cytoplasm. 
Newly released amorphous material was scarce on 
the surfaces of the fibroblasts. Few fibers were situ- 
ated close to fibroblasts. Periodic acid—Schiff stain, 
type I collagen, and type III collagen stained few 
components in the cytoplasm of fibroblasts in Rein- 
ke's space. 

Collagenous Fibers and Reticular Fibers. Reticu- 
lar and collagenous fibers were increased through- 





Fig 5. Infant maculae flavae (original x400). CF — collagenous fiber, F — fibroblast. A) Elastica-van Gieson stain. EF — 
elastic fiber. B) Silver stain. RF — reticular fiber. 
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Fig 6. Horizontal sections of vocal fold from 6-month-old girl (original x12.5). AMF — anterior macula flava, RS — Reinke's 
space, PMF — posterior macula flava, VM — vocalis muscle. A) Elastica-van Gieson stain. B) Silver stain. 


out the entire Reinke's space of the infant vocal fold 
mucosa as compared to that of newborns, and ran 
roughly parallel to the vocal fold edge (Fig 8A). The 
collagenous fibers were made up of numerous col- 
lagenous fibrils approximately 50 nm in width. Their 
structure was nearly mature morphologically. The re- 
ticular fibers were made up of unit fibrils, were about 
40 nm in diameter, and had cross-bands with a peri- 
odicity of about 67 nm (Fig 8B). The slender fibrils 
did not form bundles (Fig 8B). Stellate fibroblasts in 
the infant maculae flavae were synthesizing collage- 
nous and reticular fibers. 


Elastic Fibers. Elastic fibers could be seen in the 
lamina propria of the infant vocal fold mucosa at low 
density and were composed of abundant microfibrils 
and sparse and reticular amorphous substances. The 
elastic fibers were immature, but increased in amount 
over time in Reinke's space after collagenous and 
reticular fibers appeared in the space. Stellate fibro- 
blasts in the infant maculae flavae were synthesiz- 
ing elastic fibers. 


Ground Substance. The ground substance showed 


some flocculent material stained with tannic acid in 
the lamina propria. The glycoprotein (fibronectin) 
in Reinke's space decreased over time with the in- 
crease of fibrous components immunohistochemical- 
|y. 

The infant maculae flavae were heavily stained 
lightblue with Alcian blue at pH 2.5 (Fig 9), but were 
relatively weakly stained with Alcian blue at pH 1. 
The material that strongly stained in the maculae fla- 
vae with Alcian blue (pH 2.5) was digested by hyal- 
uronidase. Much glycosaminoglycan, especially hy- 
aluronic acid, was actively produced in the infant 
maculae flavae. 

PERIOD OF GROWTH INITIATION OF HUMAN VOCAL 
FOLD MUCOSA 

In infancy, many fibroblasts in the maculae flavae 
had become stellate in shape and actively synthe- 
sized extracellular matrices, especially reticular and 
collagenous fibers. Glycoproteins (fibronectin) in 
Reinke's space appeared to determine the orienta- 
tion of deposition of reticular and collagenous fibers 
synthesized in the maculae flavae. Many reticular 





Fig 7. Infant maculae flavae (original x400). A) Stellate fibroblasts (arrows) show heavy cytoplasm staining with periodic 
acid-Schiff stain. B) Type III collagen in cytoplasm of stellate fibroblasts (arrows) is shown with immunohistochemical 
staining. 
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Fig 8. Infant Reinke's space. A) Horizontal section (6-month-old girl, silver stain, original x200). Reticular and collagenous 
fibers run parallel to vocal fold edge. B) Transmission electron micrograph of reticular fibers (arrows; uranyl acetate and lead 


citrate stain). 


and collagenous fibers extended from the maculae 
flavae toward the middle of Reinke's space. Fibril- 
lar collagen, such as reticular and collagenous fibers, 
served as a stabilizing scaffold and possessed innu- 
merable potential spaces. The extracellular intersti- 
tial spaces were made up of minute chambers or com- 
partments occupied by other extracellular matrices, 
such as elastic fibers and glycosaminoglycan (hyal- 
uronic acid). 

During infancy, extracellular matrices, synthesized 
in the maculae flavae, appeared in Reinke's space of 
the vocal folds at different times to initiate 3-dimen- 
sional structural formation of the vocal fold mucosa. 


DISCUSSION 


In adults, the superficial layer of the lamina pro- 
pria vibrates most markedly during phonation, and 
its viscoelasticity is essential for vibration. The deli- 
cate 3-dimensional structure of reticular fibers in the 





Fig 9. Hyaluronic acid (glycosaminoglycan) in infant 
macula flava shown by Alcian blue staining (pH 2.5; 6- 
month-old girl: original x200). Hyaluronic acid (gly- 
cosaminoglycan) is detected by light blue color. Arrows 
— stellate fibroblasts. 


vocal fold mucosa is essential for the structural main- 
tenance and viscoelasticity of vibrating tissues.? The 
complex of reticular fibers and other extracellular 
matrices, such as elastic fibers and glycosaminogly- 
can (proteoglycan), is required for the viscoelastic- 
ity of the vocal fold mucosa.? 


The fine structure of the maculae flavae of the adult 
vocal fold has been described. Adult maculae flavae 
control the synthesis of fibrous components such as 
the vocal ligament.®-’ In adult maculae flavae, there 
are many stellate cells (nonconventional fibroblasts) 
with the following morphological characteristics: 
|) stellate in shape; 2) lipid droplets and well-devel- 
oped endoplasmic reticulum present in their cyto- 
plasm; 3) strong cytoplasmic staining with periodic 
acid—Schiff stain and type III collagen; 4) active syn- 
thesis of extracellular matrices, such as reticular fi- 
bers, collagenous fibers, elastic fibers, and glycos- 
aminoglycan (hyaluronic acid); and 5) involvement 
in the metabolism of extracellular matrices in the vo- 
cal fold mucosa. 


At birth, there is no structure to be found corre- 
sponding to the vocal ligament or the layered struc- 
ture of the adult vocal fold.?? Under a light micro- 
scope, the entire lamina propria appears as a roughly 
uniform structure,^? and Reinke's space of the new- 
born vocal fold resembles the superficial layer of the 
lamina propria of the adult vocal fold.? 


Electron microscopy and immunohistochemical 
investigation showed Reinke's space of the newborn 
vocal folds to be abundant in glycoprotein, especially 
fibronectin. Fibrous components, such as reticular 
fibers, were not well developed. Reinke's space of 
the newborn vocal fold mucosa had no special struc- 
ture such as that noted in adults. The delicate 3-di- 
mensional structure of reticular fibers seen in the 
adult vocal fold mucosa was not present. No com- 
plex of reticular fibers and other extracellular matri- 
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ces, such as elastic fibers and glycosaminoglycan 
(proteoglycan), could be detected. Collagenous fi- 


^' bers were sparse and essentially mature, but elastic 


fibers were immature. Collagenous fibers have sup- 
portive functions, and elastic fibers have sufficient 
resilience to return to their original state.9 The vis- 
coelasticity of the newborn vocal fold mucosa was 
morphologically seen not to be sufficient for phona- 
tion. The lamina propria of the newborn vocal folds 
lacked not only a vocal ligament and a layered struc- 
ture, but also the characteristic complex of extracel- 
lular matrices seen in the adult, and therefore the vis- 
coelasticity for vibration was inadequate. 


Fibroblasts are sparse in Reinke's space of the new- 
born vocal fold mucosa, but the density is greater 
than in adults.2? The fibroblasts in the membranous 
portion of the newborn vocal folds are not in the ac- 
tive phase, but rather, in the resting phase.? 


Newborns already have maculae flavae at the same 
sites as in adults.?+ The fibroblasts in newborn macu- 
lae flavae are immature and possess some features 
of mesenchymal cells.^ Some fibroblasts are already 
synthesizing collagenous and elastic fibers.4 Phona- 
tion (vocal fold vibration) following birth may stimu- 
late the fibroblasts in the maculae flavae and acti- 
vate them to form fibrous components.^ The macu- 
lae flavae in newborn vocal folds are important struc- 
tures that are essential to the growth and develop- 
ment of the vocal ligament.4 


The basic functions of the larynx are to act as a 
protective sphincter, as a passageway for air, and in 
sound production. The posterior glottis is important 
for respiration.!? In the newborn, the area of the in- 
tercartilaginous portion (posterior glottis) relative to 
the entire glottic area is greater than in adults.? The 
newborn vocal fold mucosa has no layered structure. 
The newborn vocal fold mucosa appears morphologi- 
cally not to have adequate viscoelasticity for phona- 
tion. From a functional point of view, the glottis of 
the newborn serves more for respiration than phona- 
tion. 


In the infant maculae flavae, the fibroblasts had 
become stellate in shape and actively synthesized ex- 
tracellular matrices such as reticular fibers, collage- 
nous fibers, elastic fibers, and glycosaminoglycan 
(hyaluronic acid). In the maculae flavae of infant vo- 
cal folds, the fibrous components had increased as 





compared to the newborns. The number of elastic 
fibers was small compared with the numbers of re- 
ticular and collagenous fibers. The elastic fibers were 


. immature morphologically. Much hyaluronic acid 


was produced. 


Fibronectin is a glycoprotein that serves as a tem- 
plate for the oriented deposition of collagen.!! It acts 
as an interfibrillar stabilizing factor between collagen 
fibrils and as a skeleton for elastic tissue formation 
and is involved with aggregation of proteoglycans.!! 


Reticular and collagenous fibers synthesized in 
infant maculae flavae extended toward the middle 
of the membranous portion of the vocal folds, in 
which glycoprotein (fibronectin) was abundant. Gly- 
coproteins (fibronectin) in Reinke's space appeared 
to direct the oriented deposition of reticular and col- 
lagenous fibers. Reticular and collagenous fiber for- 
mation may be induced in Reinke's space of infant 
vocal folds with growth. Glycoprotein (fibronectin) 
decreased with the increase of the fibrous compo- 
nents in Reinke's space. Fibronectin acts as an inter- 
fibrillar stabilizing factor between collagen fibrils and 
is involved in the aggregation of elastic fibers and 
glycosaminoglycan (proteoglycan). Glycoprotein 
plays the role of a skeleton for elastic tissue forma- 
tion in the infant vocal fold mucosa. 


To summarize, fibrillar collagen, such as reticular 
and collagenous fibers, serves as a stabilizing scaf- 
fold in extracellular matrices!? and possesses innu- 
merable potential spaces.? These extracellular inter- 
stitial spaces are made up of minute chambers or 
compartments occupied by other extracellular ma- 
trices, such as elastic fibers and glycosaminoglycan 
(proteoglycan).? In this manner, the complex of re- 
ticular fibers and other extracellular matrices impor- 
tant for the viscoelasticity of the vocal fold mucosa? 
is formed. 


The extracellular matrices of human adult vocal 
folds are collagenous fibers, reticular fibers, elastic 
fibers, glycoprotein, and glycosaminoglycan (proteo- 
glycan).? During infancy, extracellular matrices syn- 
thesized in the maculae flavae appear in the mem- 
branous portion of the vocal fold at different times 
to initiate the formation of the 3-dimensional extra- 
cellular matrix structure of the vocal fold mucosa that 
has the viscoelastic properties of a vibrating struc- 
ture. 
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We examined the sera of patients with Meniere’s disease for the presence of antibodies against 8 inner ear antigens by enzyme- 
linked immunosorbent assay (ELISA). One hundred eight patients with Meniere’s disease and 28 control subjects were studied. The 
antibodies against chicken type II collagen, bovine type II collagen, the cyanogen bromide cleaved peptide 11 (CB11) of each, type 
IX and XI collagens, C-Raf, and tubulin were measured by ELISA. The sensitivity of each antigen was between 37% and 60% 
individually, and was 91% when all 8 inner ear antigens were combined, These results showed that 91% of Meniere's disease sera 
have antibody activities to 1 or more of these inner ear antigens. The results suggest that performing ELISA for these 8 inner ear 
antigens was useful as a diagnostic tool for Meniere's disease. Further study is required for elucidating the role of these antigens in 
the pathogenesis of Meniere's disease, which might eventually result in better therapy. 


KEY WORDS —- autoantibody, enzyme-linked immunosorbent assay, Meniere's disease, serum. 


INTRODUCTION 


Since McCabe! first described autoimmune sen- 
sorineural hearing loss, now accepted as autoimmune 
inner ear disease,” a number of experimental and clin- 
ical studies have been reported in the field of otoim- 
munology.?7 These reports presented evidence that 
the pathogenesis of Meniere's disease might be re- 
lated to autoimmunity, but they have not fully con- 
firmed the autoimmune pathological mechanisms. 
One of the main reasons is that the inner ear anti- 
gens targeted by the immune system have not been 
identified, although attempts to find the antigens have 
been promising. Our laboratory has reported that type 
II collagen might have a key role as the inner ear 
antigen in Meniere's disease and otosclerosis.?? Helf- 
gott et al? suggested that type II collagen may be im- 
portant in the pathogenesis of bilateral progressive 
sensorineural hearing loss (PSNHL). 


In a previous investigation with Western blotting, 
we found that 3 of 6 patients with Meniere’s disease 
had antibodies directed against a 30 kd protein ex- 
tracted from the human inner ear.’ Using guinea pig 
inner ear extract, Cao et al! demonstrated that a 30 


kd band was detected in sera from patients with vari- 
ous forms of hearing loss, including PSNHL, in ac- 
cordance with the findings of our study. 


A 28 kd protein in the membranous fraction of the 
inner ear of guinea pigs positively reacted with sera 
from patients with Meniere's disease.!! This 28 kd 
protein has been purified, microsequenced, and iden- 


tified as one of the signal transduction proteins, Raf- 
1.2 


We have just sequenced another inner ear antigen 
from guinea pigs and found it to be a B-tubulin that 
binds sera from Meniere's disease.!? This study ex- 
amines the presence of antibodies in the sera of pa- 
tients with Meniere's disease against 8 antigens: 
chicken and bovine type II collagens and the cyano- 
gen bromide cleaved peptide (CB11) of each, type 
IX and XI collagens, C-Raf, and tubulin. 


MATERIALS AND METHODS 


Sera from 108 patients with Meniere's disease were 
supplied courtesy of Dr John Shea of the Shea Clinic. 
The diagnosis of Meniere's disease was based on the 
criteria of the American Academy of Otolaryngol- 
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RESULTS OF ENZYME-LINKED IMMUNOSORBENT 
ASSAY (N = 108) 





Positive Negative 
Antigen No. % No % 
C CB11 46 41 62 59 
B CB11 41 38 07 62 
CH 44 41 64 59 
BI 48 44 60 56 
IX 41 38 67 62 
XI 45 42 63 58 
C-Raf 59 55 49 45 
Tubulin 66 61 42 39 
A (C CB11 -BCBII-«CII--BI) 72 67 36 33 
IX + XI 50 55 49 45 
A + (IX + XD 83 77 26 28 
C-Raf + tubulin 86 80 22 20 
All antigens 98 9I 10 9 


C CB11 — cyanogen bromide fragment of chicken type II collagen, 
B CB11 — cyanogen bromide fragment of bovine type II collagen, 
CH — chicken type II collagen, BIT — bovine type H collagen, IX 
— type IX collagen, AI — type XI collagen. 


ogy-Head and Neck Surgery,!^ and sera from 28 
healthy normal controls were obtained. 


Type II collagens and their CB11 peptide and type 
IX and XI collagens were obtained as previously de- 
scribed.!5-18 C-Raf was obtained as described,!? and 
tubulin was obtained commercially (ICN, Irvine, 
Calif). 


The specific antibodies from the sera from patients 
with Meniere's disease and those from the 28 con- 
trol subjects were examined with an enzyme-linked 
immunosorbent assay as follows: 50 uL of 8 anti- 
gens (4 to 5 g/mL) were dispensed in each well of 
a polystyrene microtiter plate and incubated over- 
night at 4°C. After washing with 0.05% phosphate- 
buffered saline solution-Tween buffer, the plate was 
incubated with sera (1:20, 1:40, 1:80, or 1:160 dilu- 
tion), or normal goat serum as a control, overnight 
at 4?C. The plates were washed with 0.05% phos- 
phate-buffered saline solution—Tween buffer and in- 
cubated overnight with heavy-chain-specific anti-hu- 
man IgG antibodies at 4°C. The plates were washed 
5 times before the addition of a citric acid—phosphate 
buffer (pH 5.0) containing 0.15 mg/mL of o-phenyl- 
enediamine. The color was developed at room tem- 
perature, and the reaction was stopped by 2.5-mol/L 
sulfuric acid. The color was measured at 492 nm. 


RESULTS 


The results of the enzyme-linked immunosorbent 
assay are summarized in the Table. The antibodies 
against type II collagens (chicken and bovine, re- 
spectively) were present in 41% and 44% of the sera 
from patients with Meniere's disease. 


Respectively, 41% and 38% of the sera from pa- 
tients with Meniere's disease reacted to the CB11 
peptides of chicken and bovine type II collagens. 
Type IX collagen showed 38% binding activity with 
Meniere's sera and type XI collagen showed 42%. 
C-Raf and tubulin showed 55% and 61% binding ac- 
tivity, respectively. 


If type II collagens and their CB11 peptides are 
all combined, binding activity was present in 67% 
of the sera from patients with Meniere's disease (72 
of 108). The combined type IX and XI collagen bind- 
ing activity was 55% (59 of 108). The binding activ- 
ity for the combination of types of collagen II, their 
CB11 fragments, and collagens IX and XI was 77% 
(83 of 108). 


The combination of C-Raf and tubulin binding ac- 
tivities was 80% (86 of 108). If all 8 antigens are 
combined, 9196 of sera specimens showed binding 
activity to 1 or more of the 8 antigens. The control 
sera showed universally low binding activity: 1 of 28 
sera with CB11 or C-Raf protein, 2 with bovine type 
II collagen, 3 with chicken type II collagen, 1 with 
type IX collagen, and none with tubulin or type XI 
collagen. 


DISCUSSION 


Meniere's disease is an idiopathic inner ear dis- 
ease with the triad of fluctuating hearing loss, epi- 
sodic vertigo, and tinnitus. Since McCabe coined the 
term "autoimmune sensorineural hearing loss," it has 
been recognized that some cases of Meniere's dis- 
ease could be caused by an autoimmune response to 
inner ear tissues. The immune mechanisms of Me- 
niere's disease have yet to be fully defined. The 
weight ot recent evidence strongly implicates immu- 
nologic or chronic inflammatory processes, or both, 
as contributing to the pathogenesis of this illness. 
Several key factors, such as TH cells, B cells, MHC 
antigen, and cytokines, contribute to the immune re- 
sponse in inner ear diseases. 


An increase in anti-type II collagen antibodies 
from sera of patients with Meniere's disease, otoscle- 
rosis, idiopathic PSNHL, or sudden deafness has been 
identified.5:5? In an animal model study, immuniza- 
tion of type II collagen or CB11 (a cyanogen bro- 
mide-digested type II collagen fragment) induced 
autoimmune ear disease.!? In other studies, diseased 
animals suffered spiral ganglion cell degeneration, 
atrophy of Corti's organ, cochlear vasculitis and atro- 
phy of the stria vascularis, endolymphatic hydrops 
with atrophy of the surface epithelium of the endo- 
lymphatic duct, otospongiotic changes of the bone 
of the external meatus and otic capsule, hearing loss, 
and vestibular dysfunction.?0-28 Chicken type II col- 
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lagen is distributed widely in the inner, middle, and 
external ear.29-31 


In 1982, Yoo et aP? reported that levels of antibod- 
ies to type II collagen were significantly higher 
(41.7%) in patients with Meniere's disease and oto- 
sclerosis. Since then, several investigators have re- 
examined type II collagen antibody in Meniere's dis- 
ease, and some obtained the same positive re- 
sults,9:2.32,/55 although some showed negative re- 
sults.5455 Type IX collagen seems to be another can- 
didate for autoimmunity in the inner ear.? Type XI 
collagen could also be another autoantigen. 


TH cells have been shown to play a pivotal role in 
several autoimmune diseases. The discovery by 
Guild?6 in 1927 that endolymph flows from the co- 
chlear duct to the endolymphatic sac (ES) has led to 
proposals that the ES acts as an immunodefensive 
organ in the inner ear. Rask-Andersen and Stahle?? 
identified immune cells, including lymphocytes and 
macrophages, in the ES and adjacent tissue in the 
inner ear of guinea pigs. The distribution of these 
immunocompetent cells is Thy 1+ (TH cells) within 
the ES epithelium and in the perisaccular region, and 
macrophages in the lumen of the distal portion of 
the ES.383? The ES is surrounded by a rich network 
of lymphatic capillaries and blood vessels. It has the 
necessary immunologic components for antigen pro- 
cessing and for being the active site for a local immu- 
nodefense.4° However, several studies indicate that 
the inner ear is not an immunoprivileged site for the 
initial antigen stimulation.574.4? Tt is proposed that 
the immune cells initially activated in the periphery 
migrate from the systemic circulation to the ES and 
subsequently develop a response to antigen in the 
inner ear.? In animal studies, TH usage is restricted 
to the Vb8 subfamily (TCRBV$) in type II collagen- 
induced ear disease.^4 


A number of extracted proteins from bovine, guin- 
ea pig, or human inner ear had reactivity with sera 
from patients with inner ear disease.5.10,11,45-48 Har- 
ris and Sharp’ showed that 35% of sera specimens 
from patients with PSNHL reacted with a 68 kd pro- 
tein from bovine inner ear extract proteins. This 68 
kd protein was later identified as a 70 kd heat shock 
protein (hsp70).4950 The 68 kd inner ear antigen from 
Carey's group does not have any sequence homol- 
ogy with hsp70.?! Their 68 kd protein binds to sup- 
porting cells in the organ of Corti, whereas hsp70 
antibody does not bind to any site in the inner ear. 
They also showed that the hsp70 antibody level is 
the same in autoimmune inner ear disease as in the 
normal population, and they concluded that hsp70 
does not play any role in autoimmune inner ear dis- 
ease. Trune et al?? could not induce hearing loss in 


experimental animals when they used hsp70 as an 
immunizing antigen. The Harris group also was not 
able to induce any ear lesions with hsp70 in animal 
models (Jeffrey Harris, personal communication, 
1998). The human hsp70 does not bind Meniere's 
disease or autoimmune hearing loss patients' sera that 
bind other inner ear antigens (Yoo et al, unpublished 
observations). Furthermore, the patient's sera still 
bind 68 kd bovine inner ear antigen after the sera 
have been extensively absorbed with bovine hsp70 
(Jeffrey Harris, personal communication, 1998). 


A 30 kd protein extracted from the human inner 
ear has been reported by us to react with sera from 
patients with Meniere's disease.? Cao et al?? reported 
that patients with PSNHL and those with Meniere's 
disease have an antibody against a 30 kd protein from 
the guinea pig inner ear. They have identified this 30 
kd protein as a myelin PO protein derived from the 
acoustic nerve and spiral ganglion. Further study 
showed that a 28 kd protein in the membranous frac- 
tion of the inner ear of guinea pigs reacted positively 
with sera from patients with Meniere's disease.!! This 
28 kd protein has been purified and microsequenced. 
It has been identified as one of the signal transduc- 
tion proteins: Raf-1.!? So far, antigens for which hu- 
man antibodies have been found in PSNHL or Me- 
niere's disease are bovine 32-34 kd,>4 porcine 27, 45, 
50, 68, and 80 kd,?? guinea pig 42 and 58 kd,!? bo- 
vine 220, 60, 58, 35, 33, 32 kd,^977 and guinea pig 
25, 28, 30, 32, 40, 42, 46, 52, 67, 79 kd.!! Thus, 32- 
35 kd, 42-46 kd, 52-58 kd, 67-68 kd, and 79-80 kd 
could be important antigens for autoimmune ear dis- 
ease. These results suggest that multiple antigens are 
involved in autoimmune ear diseases. Among those, 
the 4 antigens Raf-1, PO, CII, and tubulin are so far 
the only antigens with defined molecular character- 
istics. 

Raf-1 protein is highly conserved in mice, rats, 
chickens, Xenopus laevis, Drosophila melanogaster, 
and Caenorhabditis elegans. Raf is a serine/threo- 
nine-specific protein kinase that functions in a sig- 
nal transduction pathway(s) between the cell mem- 
brane and the nucleus. The Raf-1 protein is a 74 kd 
protein that includes 3 conserved regions (CR). The 
CR1 (approximately 53 to 200 amino acids) and CR2 
(a short sequence in the N terminal half) are consid- 
ered to be critical for regulation of Raf-1 activity. 
The mutation of these regions activates the oncogenic 
potential of Raf-1.59 On mitogen stimulation of rest- 
ing cells, Raf-1 undergoes hyperphosphorylation, 
which correlates with an increase of Raf-1 kinase ac- 
tivity. Raf-1 then phosphorylates and activates MAP 
kinase kinase, which activates MAP kinase (Erk1/2), 
leading to transactivation of transcription from pro- 
moters bearing AP-] (Jun/Fos), Ets, and other re- 
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sponse elements. Raf-1 is required for activation of 
c-Jun via phosphorylation in the transactivation do- 
main.?6 This sequence we identified here is not 
matched to A-Raf protein, a member of the Raf fam- 
ily that is highly expressed in the urogenital tissues, 
including the epididymus, ovary, prostate, kidney, and 
bladder. Because of the structural similarity of mem- 
brane tissue in the inner ear and urogenital tissue, 
we have suspected that A-Raf protein is highly ex- 
pressed in the inner ear tissue. However, findings sug- 
gest that the expression of A-Raf protein in the inner 
ear tissue is much lower than that of Raf-1 protein. 1? 


D-Tubulin is a molecule found in the microtubule 
and inner ear tissue. The amino acid sequence of a 
55 kd protein from guinea pig inner ear membranes 
was a B-tubulin sequence. Combining the protein se- 
quence data and the complementary DNA library 
cloning data, we were convinced that indeed, B-tubu- 


lin is an inner ear autoantigen in Meniere's disease. i? 


Further study of the level of antibody to 68 kd 
antigen and 30 kd PO antigen and the relationship of 
the above antibodies to the 8 antigens we studied 
would also be beneficial for further understanding 
of the autoimmunity of Meniere’s disease. This study 
shows the presence of multiple autoantibodies in pa- 
tients with Meniere's disease, which suggests that 
Meniere's disease may be an autoimmune disorder. 
The sensitivity for the antigens was between 38% - 
and 61% individually, and 91% when all 8 antigens 
were combined. The specificity was 79%. 


However, this carefully performed enzyme-linked 
immunosorbent assay for the measurement of autoan- 
tibodies to these 8 antigens could provide us with use- 
ful information. Further study is required to define 
the role of these autoantibodies in the pathogenesis 
of Meniere's disease. 


REFERENCES 


1. McCabe BF. Autoimmune sensorineural hearing loss. 
Ann Otol Rhinol Laryngol 1979;88:585-9. 


2. McCabe BF. Autoimmune inner ear disease. In: Veldman 
JE, McCabe BF, Huizing EH, Mygind N, eds. Immunobiology, 
autoimmunity, and transplantation in otorhinolaryngology. Am- 
sterdam, the Netherlands: Kugler, 1985:107-10. 


3. Yoo TJ, Stuart JM, Kang AH, Townes AS, Tomoda K, 
Dixit S. Type II collagen autoimmunity in otosclerosis and Me- 
niere's disease. Science 1982;217:1153-5. 


4, Yoo TJ, Yazawa Y, Tomoda K, Floyd R. Type II collagen- 
induced autoimmune endolymphatic hydrops in guinea pig. 
Science 1983;222:65-7. 


5. Tomiyama S, Harris JP. The endolymphatic sac: its impor- 
tance in inner ear immune responses. Laryngoscope 1986;96: 
685-91. 


6. Arnold W, Pfaltz CR. Critical evaluation of the immuno- 
fluorescence microscopic test for identification of serum anti- 
bodies against human inner ear tissue. Acta Otolaryngol (Stockh) 
1987; 103:373-8. 


7. Harris JP, Sharp PA. Inner ear autoantibodies in patients 
with rapidly progressive sensorineural hearing loss. Laryngo- 
scope 1990;100:516-24. 


8. Joliat T, Seyer J, Bernstein J, et al. Antibodies against a 
30 kilodalton cochlear protein and type II and IX collagens in 
the serum of patients with inner ear disease. Ann Otol Rhinol 
Laryngol 1992;101:1000-6. 

9. Helfgott SM, Moscicki RA, Martin JS, et al. Correlation 
between antibodies to type II collagen and treatment outcome 
in bilateral progressive sensorineural hearing loss. Lancet 1991; 
337:387-0. 

10. Cao MY, Gersdorff M, Deggouj N, Warny M, Tomasi JP. 
Detection of inner ear disease autoantibodies by immunoblot- 
ting. Mol Cell Biochem 1995;146:157-63. 

11. Suzuki M, Krug MS, Cheng KC, Yazawa Y, Bernstein J, 
Yoo TJ. Antibodies against inner ear protein in the sera of pa- 
tients with inner ear diseases. ORL J Otorhinolaryngol Relat 
Spec 1997;59:10-7. 


12. Cheng K-C, Matsuoka H, Lee KM, et al. Proto-oncogene 


Raf-1 as an autoantigen in Meniere's disease. Ann Otol Rhinol 
Laryngol 2000; 109:1093-8. 


13. Yoo TJ, Tanaka H, Krug MS. B-Tubulin as an autoanti- 
gen in Meniere's disease. ARO Abstracts 1999: abstract 825. 


14. Pearson BW, Brackmann DE. Committee on Hearing and 
Equilibrium guidelines for reporting treatment results in Me- 
niere's disease. Otolaryngol Head Neck Surg 1985;93:579-81. 


I5. Terato K, Hasty KA, Cremer MA, Stuart JM, Townes 
AS, Kang AH. Collagen-induced arthritis in mice: localization 
of an arthritogenic determinant to a fragment of the type II colla- 
gen molecule. J Exp Med 1985;162:637-46. 


16. Stuart JM, Cremer MA, Kang AH, Townes AS. Collagen- 
induced arthritis in rats: evaluation of early immunologic event. 
Arthritis Rheum 1979;22:1344-51. 


17. Miller ED. Isolation: and characterization of the cyano- 
gen bromide peptides from the aI(D) chain of chick cartilage 
collagen. Biochemistry 1971;10:3030-5. 


18. Reese LA, Mayne R. Minor collagens of chicken hya- 
line cartilage. Biochemistry 1981;20:5443-8. 


19. Takeda T, Sudo N, Kitano H, Yoo TJ. Type II collagen- 
induced autoimmune ear disease in mice: a preliminary report 
on an epitope of the type II collagen molecule that induced in- 
ner ear lesions. Am J Otol 1996;17:69-75. 


20. Yoo TJ, Tomoda K, Hernandez AD. Type II collagen— 
induced autoimmune inner ear lesions in guinea pigs. Ann Otol 
Rhinol Laryngol Suppl 1984;93(suppl 113):3-5. 


21. Yoo TJ, Tomoda K, Stuart JM, Cremer MA, Townes AS, 
Kang AH. Tvpe II collagen-induced autoimmune sensorineural 
hearing loss and vestibular dysfunction in rats. Ann Otol Rhi- 
nol Laryngol 1983;92:267-71. 


22. Yoo TJ, Yazawa Y, Tomoda K, Floyd RA. Type II colla- 
gen induced autoimmune endolymphatic hydrops in guinea pig. 
Science 1983;222:65-7. 

23. Soliman AM. Type II collagen induced inner ear disease: 


critical evaluation of the guinea pig model. Am J Otol 1990; 
11:127-32. 


24. Huang C, Saporta D, Abramson M. Immunologically in- 


i ER TEE 


TT m nm rmm rst mem nnnm rnnt enm mimm AAAA Pe ASAP HAMMER HARE HAM Arena ay 


————————————————————Y 


Yoo et al, Autoantibodies in Sera of Meniere's Disease 429 


duced salpingitis in rats. Am J Otolaryngol 1985;6:368-72. 


25. Huang C. Bone resorption in experimental otosclerosis 
in rats. Am J Otolaryngol 1987;8:332-41. 


26. Cruz OLM, Miniti A, Cossermelli W, Oliveira RM. Auto- 
immune sensorineural hearing loss: a preliminary experimen- 
tal study. Am J Otol 1990;11:342-6. 


27. Tomoda K, Maeda N, Yamawaki T, Yamashita T, Kuma- 
zawa T, Ohashi T. Immunologically induced experimental hy- 
drops: its mechanisms and pathology. In: Nadol JB, ed. 2nd 
International Symposium on Meniere's Disease. Amsterdam, 
the Netherlands: Kugler, 1989:165-72. 


28. Tomoda K, Yamawaki T, Suzuka Y, Yamashita T, Kuma- 


-zawa T. Inner ear immunology and the changes of charge bar- 


rier. Ear Res (Japan) 1988;19:356-8. 


29. Yoo TJ, Tomoda K. Type II collagen distribution in ro- 
dents. Laryngoscope 1988;98:1255-60. 


30. Slepecky NB, Savage JE, Yoo TJ. Localization of type 
II, IX and V collagen in the inner ear. Acta Otolaryngol (Stockh) 
1992;112:611-7. 


31. Slepecky NB, Cefaratti LK, Yoo TJ. Type II and type IX 
collagen form heterotypic fibers in the tectorial membrane of 
the inner ear. Matrix 1992;11:80-6. 


32. Fattori B, Ghilardi PL, Gasani A. Immunological aspects 
of Meniere's disease. Rev Laryngol Otol Rhinol (Bord) 1991; 
112:117-9. 


33. Tomoda K, Suzuka Y, Iwai H, Yamashita T, Kumazawa 
T. Meniere's disease and autoimmunity: clinical study and sur- 
vey. Acta Otolaryngol Suppl (Stockh) 1993(suppl 500):31-4. 


34. Klein R, Timpl R, Zanetti FR, Plester D, Berg PA. High 
antibody levels against mouse laminin with specificity for galac- 
tosyl-(@1-3)galactose in patients with inner ear diseases. Ann 
Otol Rhinol Laryngol 1989;98:537-42. 


35. Herdman RCD, Morgan K, Hold JL, Ramsden RT. Type 
II collagen autoimmunity and Meniere’s disease. J Laryngol 
Otol 1993;107:994-8. 


36. Guild SR. Observations upon the structure and normal 
contents of the ductus and saccus endolymphaticus in the guinea 
pig (Cavia cobaby). Am J Anat 1927;39:1-4. 


37. Rask-Andersen H, Stahle J. Immunodefence of the inner 
ear? Lymphocyte-macrophage interaction in the endolymphatic 
sac. Acta Otolaryngol (Stockh) 1980;89:283-94. 


38. Takahashi M, Harris JP. Anatomic distribution and local- 
ization of immunocompetent cells in normal mouse endolym- 
phatic sacs. Acta Otolaryngol (Stockh) 1988;106:409-16. 


39. Bui HT, Linthicum FH, Hofman FM, Bowman CA, 
House WF. An immunohistochemical study of the endolymphat- 
ic sac in patients with acoustic tumors. Laryngoscope 1989;89: 
775-8. 


40. Ichimiya I, Kawauchi H, Fujiyoshi T, Tanaka T, Mogi G. 
Distribution of immunocompetent cells in normal nasal muco- 
sa: comparisons among germ-free, specific pathogen-free, and 
conventional mice. Ann Otol Rhinol Laryngol 1991;100:638- 


42. 


41. Tomiyama S, Harris JP. The endolymphatic sac: its impor- 
tance in inner ear immune response. Laryngoscope 1986;96:685- 
9]. 


42. Tomiyama S, Harris JP. The role of the endolymphatic 
sac in the inner ear immunology. Acta Otolaryngol (Stockh) 
1987;103:182-8. 


43. Kawauchi H, Ichimiya I, Kaneda N, Mogi G. Distribu- 
tion of immunocompetent cells in the endolymphatic sac. Ann 
Otol Rhinol Laryngol Suppl 1992;101(suppl 157):39-47. 


44. Yoo TJ, Lee MK, Min YS, et al. Epitope specificity and 
T cell receptor usage in type II collagen induced autoimmune 
ear disease. Cell Immunol 1994; 157:249-62. 


45. Rauch SD, SanMartin J, Moscicki RA. Bovine temporal 
bones as a source of inner ear antigen. Ann Otol Rhinol Laryngol 
1992;101:688-90. 


46. Yamanobe S, Harris J. Inner ear specific autoantibodies. 
Laryngoscope 1993;103:319-25. 


47. Yamanobe S, Harris JP. Extraction of inner ear antigens 
for studies in inner ear autoimmunity. Ann Otol Rhinol Laryngol 
1993;102:22-7. 


48. Kosaka K, Yamanobe S, Tomiyama S, Yagi T. Inner ear 
autoantibodies in patients with sensorineural hearing loss. Acta 
Otolaryngol Suppl (Stockh) 1995(suppl 519):176-7. 


49. Moscicki RA, Martin JES, Unintero CH, Rauch SD, Na- 
dol JB Jr, Bloch KJ. Serum antibody to inner ear proteins in 
patients with progressive hearing loss, correlation with disease 
activity and response to corticosteroid treatment. JAMA 1994; 
272:611-6. 


50. Billings PB, Keithley EM, Harris JP. Evidence linking 
the 68 kilodalton antigen identified in progressive sensorineu- 
ral hearing loss patient sera with heat shock protein 70. Ann 
Otol Rhinol Laryngol 1995;104:181-8. 


5]. Ramakrishnam A, Arts HA, Telian S, Carey TE. Assess- 
ing human sera for antibodies to the KHR1-3 inner ear antigen 
and HSP-70 protein. ARO Abstracts 1999: abstract 637. 


52. Trune DR, Kempton RB, Mitchell CR, Hefeneiden SH. 
Failure of elevated heat shock protein 70 antibodies to alter 
cochlear function in mice. Hear Res 1998;116:65-70. 


53. Cao MY, Deggouj N, Gersdorf M, Tomasi JP. Extraction 
of guinea pig inner ear antigens and its application for human 
autoimmune inner ear disease. Laryngoscope 1996; 106:207-12. 


54. Gottschlich S, Billings PB, Keithley EM, Weisman MH, 
Harris JP. Assessment of serum antibodies in patients with rapid- 
ly progressive sensorineural hearing loss and Meniere’s disease. 
Laryngoscope 1995;105:1347-52. 


55. Veldman JF, Hanada T, Meeuwsen F. Diagnostic and ther- 
apeutic dilemmas in rapidly progressive sensorineural hearing 
loss and sudden deafness. Acta Otolaryngol (Stockh) 1993;113: 
303-6. 


56. Blenis J. Signal transduction via the MAP kinase: pro- 
ceed at your own RSK. Proc Natl Acad Sci U S A 1993;90:5889- 
92. 


Ann Otol Rhinol Laryngol 110:2001 


PERILYMPHATIC FISTULA AND MENIERE'S DISEASE 
CLINICAL SERIES AND LITERATURE REVIEW 


DENNIS C. FITZGERALD, MD 


WASHINGTON, DC 


There continues to be considerable confusion concerning the diagnosis and treatment of perilymphatic fistulas (PLFs) and 
Meniere's disease. This paper reports an 8-year experience with patients whose symptoms were compatible with Meniere's disease 
but who had some other element that raised the possibility of their having a PLF. This review is a retrospective report on 64 patients 
who had fluctuating hearing loss, vertigo, tinnitus, and aural fullness typical of Meniere's disease. However, they also had a positive 
fistula test and/or symptoms beginning immediately after head trauma. They all underwent at least a unilateral PLF repair, and some 
also underwent an endolymphatic sac—mastoid shunt operation. This report provides a literature review to help put this series’ results 
into perspective. Of those 40 patients who underwent an initial PLF repair, 58% had a successful outcome. Of the 10 patients who 
underwent an initial PLF repair plus an endolymphatic sac—mastoid shunt, 70% had a successful outcome. Since it is often difficult 
to distinguish patients with PLFs and secondary endolymphatic hydrops (Meniere's syndrome) from patients with Meniere's disease 
(idiopathic endolymphatic hydrops), PLF repair is a reasonable first operation, reserving an endolymphatic sac—mastoid shunt opera- 
tion as a secondary procedure if needed. The decision to consider a PLF repair is guided by a positive fistula test or an immediate 
onset of Meniere's disease symptom complex after head or ear trauma. 


KEY WORDS — Meniere's disease, Meniere's syndrome, perilymphatic fistula, secondary endolymphatic hydrops. 


INTRODUCTION 


The relationship between a perilymphatic fistula 
(PLF) and Meniere's disease was first mentioned by 
H. P. House! in 1967. This paper discussed a possi- 
ble disorder of the inner ear fluids in post-stapedec- 
tomy PLFs. In 1968, Fee? reported cases of presumed 
Meniere's disease that, at surgery, were found to be 
traumatic PLFs. In 1974, Arenberg et al? reported on 
a young girl who was thought to have Meniere's dis- 
ease but had intraoperative evidence of a PLF. The 
preoperative hearing loss slowly improved over the 
6-month postoperative observation period.? Lehrer 
et al^ described their experience with positive glyc- 
erol tests (thought to indicate endolymphatic hy- 
drops) in patients with posttraumatic PLFs. In 1983, 
Allen? described how an active PLF could lead to en- 
dolymphatic hydrops. Potter and Conner® expounded 
on the coexistence of Meniere’s disease and PLFs 
after 2 of their patients with postoperative PLFs de- 
veloped typical attacks of Meniere’s disease. One pa- 
tient was treated successfully with a labyrinthectomy, 
and the other with diuretic therapy.® 


Following these reports on clinical experience with 
PLFs and Meniere's disease, experimental animal 
evidence showed the coexistence of these 2 disor- 
ders.”-10 Electrocochleograms (ECochGs) were mon- 
itored by Gibsonl! during stapedectomies, and 
showed that when perilymph was suctioned from the 
vestibule, an abnormal ratio between the summating 


potential (SP) and the action potential (AP) resulted. 
Abnormal ECochGs had been reported as a reliable 
indicator of endolymphatic hydrops by several au- 
thors. !2-14 


This report concerns the clinical management of 
patients who, by their history and preoperative test 
results, were thought to have a PLF and secondary 
Meniere’s syndrome. 


SUBJECTS 


This is a retrospective study of 64 patients who 
were seen over a span of 9 years. Entry into this study 
was limited to patients whose chief complaints in- 
cluded the full complement of “Meniere’s disease” 
symptoms, ie, fluctuating hearing, episodic vertigo, 
tinnitus, and aural fullness. This set of symptoms will 
be referred to herein as Meniere’s disease symptom 
complex (MDSC). These cases, however, had addi- 
tional history or findings that seemed to separate them 
from "true" Meniere's disease, an idiopathic condi- 
tion thought to have the pathological substrate of en- 
dolymphatic hydrops. These patients were a subset 
of patients with possible PLF seen from 1982 to 1991. 
The larger group of patients with unilateral PLF but 
without MDSC were reported earlier.!> 


The patients in this study had, in addition to MDSC, 
a history of trauma with the immediate onset of MDSC 
and/or a positive fistula test. Seventy-three percent 
(47/64) had a positive subjective fistula test, ie, Hen- 


From the Department of Otology/Neurotology, Washington Hospital Center, Washington, DC. 
CORRESPONDENCE — Dennis C. Fitzgerald, MD, Capital Ear Group, 106 Irving St NW, Suite 4600, Washington, DC 20010. 





SP/AP — ratio of summating potential to action potential. 


nebert's symptom, and 6346 (17/27) had a positive 
platform pressure test. Fifty-two percent (33/64) had 
a traumatic event; 48% (31/64) did not. The major- 
ity of the traumatic events were of the "mild head 
trauma" type. Other preoperative test results are 
shown in Table 1. 


The ages of the patients ranged from 16 to 66 years. 
The median duration of time they had symptoms be- 
fore seeing the author was 3 years. All patients had a 
follow-up period of at least 2 years. 


METHODS 


Patients' symptoms were assessed and categorized 
by the following chief complaints: 


1. Fluctuating hearing loss — Audiograms show re- 
current recovery and loss patterns on successive 
tests. This can be evident in both pure tone and 
speech audiometry. The patient also notices a fluc- 
tuation in hearing levels. 


2. Vertigo — Any disturbance in spatial orientation 
resulting in the illusion of movement. These pa- 
tients also may have noted a balance disturbance 
and motion intolerance. 


3. Tinnitus — The perception of sound in the absence 
of an external stimulus. 


4. Aural fullness — The subjective sensation of pres- 
| sure, fullness, or stuffiness in the ear or temporal 
region of the head. 


The combination of all 4 symptoms was present 
in all subjects. Because an underlying PLF was sus- 
pected in all patients who complained of the com- 
plete set of MDSC symptoms, we sought the distin- 
guishing clinical characteristics to separate patients 
with PLF from patients with idiopathic endolymphat- 
ic hydrops. A detailed questionnaire was obtained 
from all patients, with particular emphasis on events 
just preceding the onset of symptoms. Care was taken 
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TABLE 1. PREOPERATIVE TEST RESULTS 


Test Findings No. % 
Hearing Normal hearing 8 12 
Mild sensorineural hearing loss 12 19 
Moderate sensorineural hearing loss 35 55 
Severe sensorineural hearing loss 9  ]4 
Electronystagmography Abnormal positional test findings 8 12 
Unilateral caloric weakness 21 33 
Abnormal positional test findings and reduced vestibular response 3 5 
Normal findings 26 41 
Did not test 6 
Preoperative electrocochleography 
(extratympanic foam ear tips) Abnormal (SP/AP 20.60) 23 46 
Borderline abnormal (SP/AP of 0.40-0.60) li 22 
Normal (SP/AP «0.40) 16 32 


to ask for events such as diving, air travel, head or 
ear trauma, and physical straining. The criteria used 
in advising a patient to have surgery were as follows: 


1. Trauma (head, whiplash, barometric, increased in- 
tracranial pressure) resulting in MDSC. 


2. Presence of MDSC with a positive “fistula test” 
(subjective or platform). 


An office examination was routinely performed, 
including a subjective fistula test patterned after that 
of Thompson and Kohut,!6 performed as follows. The 
patient was seated in a chair, and a Bruening pneu- 
matic otoscope (Storz-Bruening, Storz Instrument 
Co, St Louis, Mo) was placed into the ear canal with 
an airtight seal. The patient was asked to stare at an 
object on the opposite wall. Erratic increases and de- 
creases in the external canal pressure were applied 6 
to 10 times in each ear, never exceeding 120 mm Hg, 
and the response to the question, “Does that bother 
you?" was noted. À positive finding was recorded if 
the patient reported the object on the wall moving, a 
sensation of himself or herself moving, or nausea. A 
response of pain, pressure, or increased tinnitus was 
recorded as negative, as was a report of no sensation 
at all. A tandem Romberg test was routinely per- 
formed, with special attention to the side to which 
the patient fell when the eyes were shut. 


All patients suspected of having a PLF had air- 
bone and speech audiometry, with tympanometry if 
possible. Most patients also had a standard electro- 
nystagmogram (ENG). When ECochG testing with 
extratympanic foam ear tips became available in our 
facility in 1985, this became a standard preoperative 
test, as did platform posturography with platform fis- 
tulatesting when it became available. These platform 
tests were performed in a freestanding vestibular lab- 
oratory. The testing was performed on Neurocom 
Equitest A100100 equipment (Neurocom Internation- 
al, Clackamas, Ore). The software for the sensory and 
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motor tests was Equitest 4.03; the platform fistula 
test software was Neurocom Pressure Test V1.12. The 
pressure test was similar to tests reported by Shepard 
et a]. !7 


The patient.was asked to stand on the force-plates 
with the eyes closed. The sway reference gain was 
set to 1.00. Ten trials of 0 pressure, —300 decapascals 
(dPa), and +300 dPa were conducted with the nonsus- 
pect ear tested first. Pressure was applied through a 
hermetically sealed ear tip at a rate of 450 dPa/s. Once 
the selected pressure was achieved, it was immedi- 
ately released. 


The largest sway amplitude during 0 pressure for 
anteroposterior and lateral sway was selected, and 
its own standard deviation was added. The largest 
amplitude during the positive and negative pressure 
tests was chosen, and its own standard deviation sub- 
tracted. If the number from the positive or negative 
test was greater than the control number, the response 
Was scored as positive, since it was greater by more 
than 2 standard deviations. Rotational chair testing 
was rarely used. Computed tomography scans of the 
temporal bones were ordered primarily. in children 
and teenagers when a congenital malformation was 
suspected because of clinical setting or history. Gado- 
linium-enhanced magnetic resonance imaging of the 
head became part of the workup in July 1988 and, 
on occasion, showed interesting enhancement of the 
inner ear.!8 The only postoperative test performed 
on every patient was audiometry, but many patients 
had postoperative subjective fistula tests, especially 
in the later years of the study. 


As would be expected, such problems as tympanic 
membrane perforations, trauma, and infections, along 
with financial limitations, prevented some patients 
from having all diagnostic tests. In the postoperative 
period, tests were repeated if the patient's symptoms 
persisted or recurred. 


The PLF repair surgical procedure has been previ- 
ously described. Any endolymphatic sac—mastoid 
operations performed were patterned after the tech- 
nique of Austin.!? 


Upon discharge, the patients were instructed to stay 
home for 3 days and were strictly warned against 
any lifting or physical exertion. After 3 days, they 
could leave home, but were advised to lift no more 
than 10 lb (4.5 kg) and not to engage in any sports. 
Flying was permitted after a week. One month after 
operation, the ear was cleaned, an audiogram was 
obtained, and a subjective fistula test was performed. 
At that time, the patients were advised to avoid con- 
tact sports, weight lifting, underwater diving, and sky- 
diving. If symptoms persisted, care was extended for 
continued observation, revision surgery, or second- 


ary treatment (eg, diuretics, vestibular therapy). Fol- 
low-up visits were performed at 6-month intervals 
for at least 2 years. The treatment was considered 
successful if the patient had undergone only a PLF 
repair and had no further symptoms for 2 months. 


RESULTS 


The first 24 patients seen during the time period 
of the study underwent both PLF repair and an en- 
dolymphatic sac—mastoid shunt operation as recom- 
mended by Lehrer et al.29 Seventy-five percent (18/ 
24) had a successful outcome. Twenty-nine percent 
(7/24) had improvement in their hearing level as 
shown by a comparison of the best preoperative test 
to the worst postoperative test (at least a 15-dB gain 
in the pure tone average [500 Hz, 1 kHz, 2 kHz, 3 
kHz] or a greater than 15% improvement in the speech 
discrimination score). In those patients who did not 
have improvement in their vertigo, salvage was ac- 
complished through vestibular neurectomy or laby- 
rinthectomy. Eight percent of these patients (2/24) 
who underwent a PLF repair with a shunt developed 
immediate profound hearing loss of indeterminate 
cause. Of those 40 patients who underwent only an 
initial PLF repair, 5896 (23/40) had a successful out- 
come, and 4296 (17/40) needed further treatment, ie, 
an endolymphatic sac—mastoid shunt procedure. Of 
the 10 patients who elected to have a secondary shunt 
procedure, 70% (7/10) had a successful surgical out- 
come. 


An abnormal preoperative ECochG did not pre- 
dict failure for patients with PLF repair, as 70% (12/ 
17) had a successful outcome with only a PLF re- 
pair. The overall pattern of outcome for all 64 pa- 
tients is represented in the Figure. 


DISCUSSION 


Of the large body of literature that has accumu- 
lated regarding the association of Meniere's disease 
and PLF, one of the earliest, though probably unrec- 
ognized, connections was made by Prosper Meniere 
himself. As translated by Atkinson, Meniere describes 
patients with "cerebral congestion of apoplectic 
type,"21(022 a symptom complex compatible with 
what we now call Meniere's disease. He describes 
the sudden onset of these symptoms as caused by 
“foreign bodies thrust into the ear. "2!(P22 In that same 
report, he describes clearly what most of us would 
recognize as an acute PLF caused by forceful nose 
blowing: “But one knows also there comes a mo- 
ment when, on blowing the nose forcefully, on sneez- 
ing.,.air passes the obstruction and enters abruptly 
into the middle ear.....The phenomenon of sudden 
penetration of air into the cavity of the middle ear 
produces in some people an explosion accompanied 
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Improved 
Vertigo 
or Hearing 
(023) 


Surgical results of 64 patients in study. 


Refused Further 
Treatment 
(n7) 


by vertigo: if the patient is standing he reels, he is 
about to fall and needs several moments of rest to 
regain his balance.’’*!(P24) This may have been only 
alternobaric vertigo, but also could have been an acute 
PLF. 


H. P. House,! writing on post-stapedectomy PLFs 
in 1967, said, “In cases of PLF with a sensorineural 
hearing loss, the duration of symptoms and the inade- 


quate patency of the perilymphatic duct may all be 


factors. The endolymphatic system can function nor- 
mally if the pressure of the endolymphatic and peri- 
lymphatic fluid is the same. Any imbalance in the 
equalization over a period of time will result in di- 
lation of the endolymphatic system, thereby pro- 
ducing an ‘artificial’ endolymphatic hydrops....This 
same phenomenon seems to occur in Meniere’s dis- 
ease,’?1(p1415) 


This work, written decades ago, explains why we 
cannot always distinguish a PLF from Meniere’s dis- 
ease. The first known patients with PLF not related 
to surgery were described by Fee,” with symptoms 
quite compatible with those of Meniere’s disease. In 
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fact, Fee alluded to the concept that a PLF could lead 
to a dilated endolymphatic system. 


Arenberg et al? later reported on a 10-year-old girl 
who had the classic history of Meniere's disease for 
2 years but was found to have an oval window fis- 
tula. In 1977, Nadol?? found a positive Hennebert's 
sign in 24 of 81 ears (30%) with “Meniere’s disease." 
He interpreted this to mean that the test could be made 
positive by the disturbance of the saccule's being 
moved by pressure in the external ear canal or through 
vestibulofibrosis. I wonder whether the 24 patients 
with a positive Hennebert's sign and the diagnosis 
of Meniere's disease might not instead have had a 
PLF or even a combination of PLF and secondary 
Meniere's syndrome. In either case, Hennebert's test 
appears to be less specific for a PLF than previously 
thought. Another diagnostic test, the glycerol dehy- 
dration test, which had been thought to be specific 
for Meniere's disease, was found to be positive in a 
significant number of patients with posttraumatic 
PLFs.^ In 1982, Simmons? very clearly expressed 
frustration in trying to differentiate PLF patients from 


——P——P'» A! 
nn a RN I tl 


434 Fitzgerald, Perilymphatic Fistula & Meniere's Disease 


those with Meniere's disease and wrote that the “atyp- 
ical Meniere’s disease” patient could very probably 
be a PLF patient instead. As evidence continued to 
mount for the possibility of a coexistence of PLF and 
Meniere’s disease, Potter and Conner® reported that 
2 of 15 PLF patients developed typical cases of Me- 
niere’s disease after having their PLFs repaired. Clini- 
cal evidence now seemed to indicate that a PLF re- 
pair could exacerbate an underlying secondary endo- 
lymphatic hydrops. In 1984, W. P. R. Gibson,” an 
early pioneer in ECochGs, reported a typical increase 
in the SP/AP ratio of PLF patients of about 2596 to 
35%, consistent with a mild endolymphatic hydrops. 
The University of Iowa (1986) reported on the larg- 
est series of PLF patients.” A significant part of the 
article dealt with differentiating a PLF from Meniere's 
disease. The authors raised the question of perform- 
ing both endolymphatic shunt procedures and PLF 
repairs at the same time in cases in which there was 
not a clear differentiation between Meniere's disease 
and PLF5 


Up to this point, only a few authors who have writ- 
ten about PLFs have discussed how a leakage of peri- 
lymph could cause the myriad of symptoms seen with 
PLFs. In 1983, Fukaya and Nomura? ruptured the 
round window membrane in animals without even 
producing severe hearing loss. Nomura et al!? ques- 
tioned the idea that a mere fistula could be respon- 
sible for all of the reported symptoms of PLFs. They 
were the first to produce experimental PLFs in guinea 
pigs and describe morphological changes in their 
temporal bones. Typically, the round window mem- 
brane was ruptured (no oval window membranes rup- 
tured) by a rapid increase in the cerebrospinal fluid 
(CSP) pressure in the posterior fossa. Massive bleed- 
ing was seen in the scala tympani and cochlear aque- 
duct. Many ears also showed signs of hydrops. In the 
vestibular system, the most common finding was the 
collapse of the ampullae of the semicircular canals. 
They also found that in the delayed-sacrifice animals 
there was no hydrops — a finding indicating that 
when the PLFs were allowed to heal, the hydrops 
was reversible. There were also areas of collapse of 
cochlear membranes.!° These findings fit with Sim- 
mons" findings of “double membrane breaks.” The 
interpretation of this experiment by Nomura et al 
leads to the following conclusions. 


1. Normalization of perilymph pressure is required 
before the distorted or ruptured membranous laby- 
rinth can heal. 


2. The closing of a PLF does not guarantee complete 
disappearance of all symptoms. 


3. Rupture of the round window membrane itself may 
not produce the symptoms, but rather, the symp- 


toms may be caused by damage to the inner ear 
membranes. 


Following these early investigations, numerous 
clinical articles appeared that supported the concept 
that PLFs caused a secondary endolymphatic hydrops 
(Meniere’s syndrome) and that the symptoms could 
be due to the hydrops itself rather than the leakage of 
perilymph. In addition, many reports on experimen- 
tal PLFs in animals confirmed that active PLFs often 
resulted in hydrops and abnormal ECochGs.7-10.2829 


The reasons given for the development of a sec- 
ondary endolymphatic hydrops in PLFs in all of the 
preceding articles related to a loss of perilymph vol- 
ume causing compensatory endolymphatic hydrops 
or the same result on the basis of pressure differen- 
tials. One must remember that there are only about 
0.34 mL of endolymph and 1.58 mL of perilymph in 
the human ear.?? A loss of only a small part of the 
perilymph volume would have a large impact on the 
endolymph volume, quickly leading to endolymphat- 
ic hydrops. Overlooked so far is the protein concen- 
tration of perilymph and CSF. It has been generally 
accepted that approximately 25% of perilymph comes 
from CSF. If a PLF were to develop, there is the po- 
tential for a higher-than-normal percentage of PLF 
to be derived from the CSE. Perilymph has about 8 
times as much protein as CSE?! If there were a PLF- 
related influx of CSF into the perilymphatic spaces, 
the perilymph would become hypotonic relative to 
the neighboring endolymph. This hypotonicity would 
produce diffusional forces and drive free water into 
the endolymphatic spaces, adding to the volumetric 
and pressure-related hydrops. This concept was dis- 
cussed by Juhn et al?? in 1982. 


The 64 patients reported here presented with a 
symptom complex of episodic vertigo, fluctuating 
hearing loss, tinnitus, and aural fullness compatible 
with Meniere's disease. These patients, however, ex- 
hibited some particular historical event(s) or positive 
diagnostic test(s) that brought into question the diag- 
nosis of a PLF. In the history, there might have been 
aninciting or exacerbating event(s) such as direct trau- 
ma, barotrauma, or increased intracranial pressure. 
As for diagnostic tests, some patients had a positive 
fistula test (subjective or platform) that kept them 
from receiving a diagnosis of “primary” Meniere's 
disease. 


The first article to specifically address the issue 
of the timing and the advisability of combining a PLF 
repair with an endolymphatic shunt was published 
in 1987 by Lehrer et al1.29 They recommended this 
combined surgical approach in patients who had re- 
current PLFs, attacks of spinning vertigo following 
PLF repairs, or clear PLFs with severe imbalance. 
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TABLE 2. SURGICAL OUTCOMES IN PATIENTS WITH 
HEARING LOSS 
Hearing Loss 
Mild Moderate Severe 
No. % No. P No. % 
Perilymphatic fistula repair (n = 35) 
+Surgical outcome 7/35 20% 14/35 40% 1/35 2% 
—Surgical outcome 3/35 9% 8/35 23% 2/35 6% 
Perilymphatic fistula repair + shunt (n = 21) 
+Surgical outcome 3/21 14% 8/21 38% 6/21 29% 
—Surgical outcome 4/21 19% 


+Surgical outcome — improved hearing and/or vertigo; ~surgical 
outcome — no change in or worsened hearing and/or vertigo. 


One year later, Arenberg et alë found 14 of 23 pa- 
tients with surgically confirmed PLFs to have an 
ECochG SP/AP ratio of greater than 0.50, indicating 
the coexistence of PLF and endolymphatic hydrops. 
Weider and Johnson?? published a report in 1988 that 
suggested performing a PLF repair and shunt place- 
ment together when a PLF and endolymphatic hy- 
drops coexisted in patients with “primary” Meniere's 
disease who had to undergo endolymphatic sac sur- 
gery anyway. However, they did not elaborate on how 
they knew when a PLF and hydrops coexisted. Mey- 
erhoff and Yellin?^ found that 16 of 20 ears operated 
on for a suspected PLF that had an abnormal SP/AP 
ratio (greater than 0.37) were found to have a leak at 
surgery. They believed that a PLF would often have 
an abnormal SP/AP ratio. Our findings in 64 patients 
with the chief presenting complaints of fluctuating 
hearing, vertigo (often spinning), fullness, and tinni- 
tus were called Meniere's disease symptom complex 
(MDSC) for this report. As can be seen from these 
results, 42% (17/40) of the patients who underwent a 
primary PLF repair required a secondary treatment, 
usually an endolymphatic shunt. Thirty-eight percent 
(24/64) had a combination PLF-shunt operation, our 
choice of operation for many years, when there ap- 
peared to be a PLF with secondary Meniere's syn- 
drome or primary Meniere's disease with a traumat- 
ic event or a positive fistula test. This approach con- 
tinued until 2 patients developed "dead ears" after 
this combination operation. These were the only 2 
significant sensorineural hearing losses to develop 
as a result of surgery in the entire series of 64 pa- 
tients. The incidence of severe hearing loss in endo- 
lymphatic sac surgery has generally run at less than 
5%. Thus, it might not be out of line to have 2 “dead 
ears" in 24 operations. Still, I began to suspect that 
patients' ears with secondary Meniere's syndrome 
might somehow be more fragile than those with pri- 
mary Meniere's disease, and thus more at risk for 
damage from a sac operation. Subsequently, the ap- 
proach was altered to perform only a PLF repair and 
then wait to see whether a shunt was needed. 


Analysis of my diagnostic testing revealed the high 
incidence of a borderline or abnormal ECochG in 
this group with MDSC (34/50 or 68%). This fits pre- 
vious reports of Gibson,** Arenberg et al,5 and Meyer- 
hoff and Yellin.?4 


Only 41% of those patients who underwent only 
PLF repair and had abnormal preoperative ECochGs 
required secondary shunt surgery. This outcome in- 
dicates that secondary endolymphatic hydrops can 
resolve spontaneously if the PLF is surgically re- 
paired. 


J. Lehrer (personal communication, 1986) believes 
that patients with PLF and secondary endolymphatic 
hydrops and moderate or severe hearing loss will usu- 
ally not do well with a PLF repair only. This idea 
was not borne out in this study, as only 29% of those 
patients who had a moderate or severe hearing loss 
had a negative surgical outcome with only a PLF 
repair (Table 2). 


A few authors have reported problems in differ- 
entiating a positive surgical outcome from a placebo 
effect, as alluded to by Rizer and House?? when eval- 
uating the subjective symptoms of vestibular disor- 
ders. The placebo effect might certainly play some 
part in this series, but the high rate of good surgical 
outcomes and the duration of these subjective im- 
provements weigh against the placebo effect’s being 
a Significant component of the successes. 


Finally, the use of a positive fistula test to select a 
subset of MSDC patients suspected of having a PLF 
is still controversial. This distinguishing feature, a 
positive fistula test, in diagnostic testing was reaf- 
firmed by Kohut et al?6 in 1995 and continues to guide 
the author in making the presumptive diagnosis of a 
PLF. 


SUMMARY 


The discussion now is not whether the patient with 
MDSC has a PLF or Meniere’s disease, but rather 
whether the patient has primary Meniere’s disease 
oraprimary PLF with secondary Meniere's syndrome. 
By combining the history, fistula tests, and ECochGs, 
the appropriate medical and surgical treatments can 
be chosen and rendered. A PLF repair alone is suc- 
cessful in these patients almost 60% of the time. 
When a secondary endolymphatic sac—mastoid shunt 
procedure is performed at a second sitting, the suc- 
cess rate becomes almost 75%. This approach saves 
60% of these patients an unnecessary shunt opera- 
tion. 


In 1982, Simmons wrote, “In brief, I know of no 
certain way to differentiate a Meniere's disease pa- 
tient from all fistula patients and I strongly suspect 
that no one else does either."23(P7D) I think we now 
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can say that differentiation is often impossible, since 
both disorders coexist in the patient with an active 
PLF with secondary Meniere’s syndrome. 


Ihave concluded, therefore, that every active PLF 
has an element of endolymphatic hydrops, and that 
the hydrops is the cause of all symptoms except those 
related to inner ear membrane ruptures and scarring. 
Second, the resolution of symptoms after a PLF re- 
pair is dependent upon a self-healing process in the 


endolymphatic system that causes a resolution of the 
hydrops. Third, the exacerbation or change in char- 
acter of the vestibular symptoms after a PLF repair, 
as is sometimes seen, is due to an exacerbation of 
the secondary endolymphatic hydrops and may re- 
quire secondary medical or surgical treatment for the 
hydrops. Fourth, irreversible scarring probably oc- 
curs in some inner ears with PLFs, causing prolonged 
or permanent symptoms not relieved by a PLF re- 
pair. 
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BONE CONDUCTION IMPAIRMENT IN CHRONIC EAR DISEASE 
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The preoperative and postoperative bone conduction (BC) thresholds were prospectively investigated in 24 patients with chronic 
ear disease in the form of cholesteatoma, chronic suppurative otitis media, or adhesive otitis media. All underwent tympanoplasty 
with mastoidectomy. Ossicular reconstruction was performed in 14, and the remaining 10 were still awaiting second-stage ossicular 
reconstruction at the time of this investigation. In each group, the postoperative results were compared with the preoperative results 
by the paired-samples t-test. In the ossicular reconstruction group, the results revealed a significant improvement in the postoperative 
BC thresholds, as compared with the preoperative BC thresholds, at 250, 1,000, and 2,000 Hz, with the largest mean improvement 
observed at 2,000 Hz. No significant improvement was observed at any frequency for the group without ossicular reconstruction. 
Postoperative improvement of at least 10 dB at 2 or more frequencies was observed in 71% of the ossicular reconstruction group, as 
compared with 0% of the group that did not undergo ossicular reconstruction. The results support the theory that the elevated BC 
thresholds of patients with chronic ear disease result from the elimination, due to disease, of the middle ear contribution (from the 
inertial ossicular component and ossicular resonance) to the BC response. The results also suggest that the middle ear contribution to 
the BC response is restored with ossicular reconstruction. 


KEY WORDS — bone conduction threshold, Carhart effect, chronic ear disease, hearing, sensorineural hearing loss. 


INTRODUCTION 


Several investigators have reported the finding of 
elevated bone conduction (BC) thresholds in patients 
with chronic diseases of the middle ear (chronic sup- 
purative otitis media, chronic otitis media, and chole- 
steatoma), despite the absence of symptoms of laby- 
rinthitis.!-!4 The observed elevation in the BC thresh- 
olds has variously been ascribed to the elimination, 
due to the middle ear disease, of the contribution of 
BC to the middle ear mechanism of hearing??? and/ 
or cochlear dysfunction resulting from extension of 
inflammation in the middle ear cleft through the round 
window membrane.25.14 


According to Tonndorf,!° the outer ear, middle ear, 
and inner ear mechanisms that contribute to the total 
BC response include the following: 1) the response 
associated with radiation of sound energy from the 
external ear canal walls into the space of the exter- 
nal canal; 2) the inértial response of the ossicular 
chain (which is loosely coupled to the skull) and in- 
ner ear fluids; and 3) the compressional response of 
the inner ear spaces resulting from distortional vibra- 
tion of the cochlea. Thus, the BC response is not a 
pure measure of the cochlear reserve. 


Carhart!6 observed elevated BC thresholds in the 


frequency region around 2,000 Hz for patients with 
stapes ankylosis due to otosclerosis. This finding of 
a maximal loss at 2,000 Hz, which has been termed 
the Carhart notch, has been poorly understood. The 
maximal BC impairment at 2,000 Hz cannot be ex- 
plained by the classic theory of BC; based on that 
theory, alteration of the low frequencies is predicted 
for patients with stapedial fixation. Tonndorf!> dem- 
onstrated that the additional alteration at the higher 
frequencies and the observed maximal loss at 2,000 
Hz resulted from the reduction or elimination of the 
resonance of the ossicular chain; in humans, the reso- 
nant frequency of the ossicular chain is 1,500 to 2,000 
Hz. This effect has been substantiated for other dis- 
orders that affect the conductive mechanism. 


Several approaches have been employed in the in- 
vestigation of the BC hearing sensitivity in chronic 
ear disease. One approach has been based upon com- 
parison of the BC thresholds for the diseased ear with 
those for the contralateral, nondiseased ear of per- 
sons with unilateral chronic ear disease. 45.10.12,13 
With another approach, the BC thresholds for dis- 
eased ears have been contrasted with those for nor- 
mal control ears. !-3.8.9 A third approach has involved 
comparison of pretreatment BC thresholds with post- 
treatment BC thresholds.^7.1.1^ Other approaches 
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have employed histopathologic analysis of the tem- 
poral bones of patients with chronic ear disease or 
animal studies involving injection of endotoxins into 
the perilymphatic space.? 


Studies that are based on the comparison of pre- 
treatment and posttreatment BC thresholds have the 
greatest bearing on improving our understanding of 
the middle ear contribution versus the inner ear con- 
tribution to the elevation of BC thresholds in chronic 
ear disease. In such studies, not only does the patient 
serve as his or her own control, but also, the affected 
ear serves as its own control. An observed improve- 
ment in the BC thresholds with treatment supports 
the role of the loss of the middle ear contribution in 
the elevated BC thresholds of patients with chronic 
ear disease. But the existing studies on the preopera- 
tive and postoperative BC thresholds?.14^ have meth- 
odological limitations similar to those of studies that 
have employed other approaches toward investiga- 
tionofthe BC thresholds in patients with chronic ear 
disease. 


The methodological shortcomings have included 
retrospective analysis of the data; conservative cri- 
teria for improvement in BC hearing, such as at least 
10-dB improvement in the BC thresholds over 2 or 
more frequencies together with the absence of statis- 
tical analysis of group data; and failure to control 
for ossicular reconstruction. If ears that did not un- 
dergo ossicular reconstruction are included in the data 
analysis with ears that underwent ossicular recon- 
struction, then the postoperative improvement in BC 
hearing sensitivity with treatment would be under- 
estimated, as the middle ear contribution to the BC 
response would be at least partially restored in the 
latter, but not the former, condition. 


Therefore, the aim of this investigation was to pro- 
spectively evaluate the preoperative and postopera- 
tive BC thresholds in adult patients with chronic ear 
disease in the form of chronic suppurative otitis me- 
dia, cholesteatoma, or adhesive otitis media. 


MATERIAL AND METHODS 


Subjects. Twenty-four adult patients with chronic 
ear disease gave informed consent to participate in a 
prospective, endoscopic investigation to describe the 
status of the eustachian tube at the time of surgery. 
Of the 24 patients, 14 received ossicular reconstruc- 
tion; the remaining 10 had not yet received ossicular 
reconstruction because they were still awaiting the 
second stage of staged surgery at the time of this 
study. 


The ossicular reconstruction study sample with 
chronic ear disease comprised 8 men and 6 women 


(mean age, 42 years; range, 27 to 65 years). The dis- 
ease was unilateral in 12 and bilateral in 2. The cause 
was chronic suppurative otitis media in 8, choleste- 
atoma in 3, and adhesive otitis media in 3. All re- 
ceived tympanoplasty with or without mastoidecto- 
my, and all received ossicular reconstruction with 
an incus replacement prosthesis, partial ossicular 
replacement prosthesis, total ossicular replacement 
prosthesis, incus-stapes replacement prosthesis, or in- 
cus interposition. 


The study sample with chronic ear disease that did 
not undergo ossicular reconstruction comprised 3 men 
and 7 women (mean age, 44 years; range, 23 to 56. 
years) who had undergone tympanoplasty with mas- 
toidectomy. The disease was unilateral in 8 and bi- 
lateral in 2. The cause was chronic suppurative oti- 
tis media in 5 patients, cholesteatoma in 4 patients, 
and adhesive otitis media in 1 patient. 


Subjects were excluded from the investigation if, 
at any frequency requiring masking in the opposite 
ear,!7 the BC or air conduction threshold failed to 
plateau with the Hood! procedure. 


No subject had a positive history of head trauma, 
vertigo, or systemic ototoxic drugs. At surgery, no 
patient was found to have a labyrinthine fistula or an 
inner ear invasion. Also, at the time of surgery, nota- 
tion was made regarding the mucosal status of the 
middle ear and the degree of ossicular involvement. 


Procedure. A comprehensive audiological assess- 
ment, including the air conduction and BC thresh- 
olds, the speech recognition threshold, a suprathresh- 
old speech recognition assessment, an uncomfortable 
loudness level measurement, tympanometry, and an 
acoustic reflex threshold measurement, was per- 
formed before and after operation on all subjects. 
The pure tone audiograms were completed with ap- 
propriate masking of the opposite ear!” with narrow- 
band noise, by a procedure based on the Hood! pla- 
teau. The audiological assessment was performed in 
2-room, sound-treated audiometric suites by licensed 
and certified audiologists. The study was effectively 
double-blind, as neither the audiologist nor the pa- 
tient was aware of the study hypothesis in relation to 
BC hearing sensitivity. Data were evaluated from the 
latest preoperative test, performed within the 2-week 
interval preceding surgery, and from the initial post- 
operative test, performed between 10 and 12 weeks 
after surgery. 


RESULTS 


The Shapiro-Wilk statistic? revealed that the sam- 
ple data oa the difference between the preoperative 
and postoperative BC thresholds were normally dis- 
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TABLE 1. STATISTICAL FINDINGS FOR DIFFERENCE BETWEEN PREOPERATIVE AND POSTOPERATIVE BONE 


CONDUCTION THRESHOLDS 
250 Hz 500 Hz 1,000 Hz 2,000 Hz 3,000 Hz 4,000 Hz 

Ossicular reconstruction (n = 14) 

Mean preop BC threshold , 13.9 15.7 16.4 26.4 23.6 25.4 

Mean postop BC threshold 6.8 10.0 9.3 17.1 19.6 21.1 

Mean BC difference (preop minus postop) Fal 5.7 d 9.3 4.0 4.3 

t Value 5.26 1.87 3.44 3.36 1.63 1.45 

p Level .0002* .0836 .0044* .0052* .1274 .1711 
No ossicular reconstruction (n = 10) 

Mean preop BC threshold 12.0 16.5 16.5 26.0 25.5 31.0 

Mean postop BC threshold 11.5 15.0 18.5 28.0 29.5 35.5 

Mean BC difference (preop minus postop) 0.5 1.5 —2.0 —2.0 —4.0 —4.5 

t Value 0.16 0.71 0.69 1.12 1.92 2.38 

p Level .8793 .4961 .5086 .2695 .0868 .0414* 


BC — bone conduction. 
*Significant. 


tributed in the group with ossicular reconstruction 
and the group without ossicular reconstruction. 
Therefore, the preoperative and postoperative BC 
thresholds for the operated ear were analyzed at 250, 
500, 1,000, 2,000, 3,000, and 4,000 Hz with a paired- 
samples t-test. 


For both groups, the preoperative and postopera- 
tive BC thresholds and the mean differences between 
the preoperative and postoperative BC thresholds are 
shown in Table 1. For the ossicular reconstruction 
group, the mean postoperative BC thresholds were 
significantly improved at 250, 1,000, and 2,000 Hz, 
in comparison with the mean preoperative BC thresh- 
olds, and a trend toward postoperative improvement 
was present at all other frequencies. The mean im- 
provement was greatest at 2,000 Hz (9.3 dB). The 
range of improvement across subjects and frequen- 
cies was —10 to 30 dB. These findings support those 
of Browning and Gatehouse,® who reported a statis- 
tically significant contribution of disease (chronic 
suppurative otitis media) to the BC thresholds that 
was greatest at 2,000 Hz. Browning and Gatehouse 
attributed the elevated BC thresholds in the group 
with chronic suppurative otitis media, as compared 
with a normal control group, to the Carhart effect. 


Further inspection of Table 1 reveals that in the 
group that did not undergo ossicular reconstruction, 
significant improvement in the mean postoperative 
BC thresholds, in comparison with the mean preop- 
erative BC thresholds, failed to occur at any frequen- 
cy. In fact, the mean postoperative BC threshold was 
slightly worse than the mean preoperative BC thresh- 
old at 4 of the 6 frequencies. At the other 2 frequen- 
cies, the improvement in the mean postoperative BC 
threshold as compared with the mean preoperative 
BC threshold was negligible and nonsignificant. 


In the ossicular reconstruction group, an improve- 


ment of 10 dB or more over at least 2 frequencies 
was present for 71% of the 14 subjects. An improve- 
ment of 10 dB or more at a single frequency occurred 
for 7% of the 14 subjects. An improvement of at least 
10 dB failed to occur at any frequency in 22% of the 
14 subjects. In 2 of the 3 subjects with the least im- 
provement in BC sensitivity, the middle ear mucosa 
was polypoid. None of the subjects with improve- 
ments of at least 10 dB over 4 or more frequencies 
had polypoid middle ear mucosa. The incus was 
eroded in all subjects, and inspection of the data re- 
vealed that the number of frequencies showing im- 
provement was unrelated to the number of eroded 
ossicles. 


In the group without reconstruction, an improve- 
ment of 10 dB or more over at least 2 frequencies 
was absent for 10046 of the 10 subjects. An improve- 
ment of 10 dB or more at a single frequency was ob- 
served for 30% of the 10 subjects. For 90% of the 10 
subjects, the postoperative BC threshold was worse 
than the preoperative BC threshold at 1 or more fre- 
quencies. 


Table 2 shows the Pearson correlation coefficients 
for the relationship between the difference between 
the preoperative and postoperative BC thresholds at 
2,000 Hz and the therapeutic efficiency (difference 
between preoperative and postoperative air conduc- 
tion thresholds) in the ossicular reconstruction group. 
Inspection of this Table reveals significant correla- 
tions at 500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz. 
The correlation is very close to significance at 3,000 
Hz. These findings reveal a moderately strong direct 
relationship between the magnitude of improvement 
in the 2,000-Hz BC threshold caused by surgery and 
the magnitude of improvement in the air conduction 
thresholds at 500, 1,000, 2,000, and 4,000 Hz caused 
by surgery. 
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TABLE 2. PEARSON CORRELATION COEFFICIENTS FOR RELATION BETWEEN BONE CONDUCTION 


250 Hz 500 Hz 1,000 Hz 
r Value 51 .67 74 
p Level .0658 .0090* .0026* 
*Significant. 
DISCUSSION 


The results of this prospective investigation on pa- 
tients with chronic ear disease reveal significant im- 
provement in the BC thresholds at 250, 1,000, and 
2,000 Hz following ossicular reconstruction. The sta- 
tistical findings are highly significant (p « .01), de- 
spite the small sample size. These findings resemble 
those of Carhart!® for patients with otosclerosis, who 
showed poststapedectomy improvements in the BC 
thresholds at all frequencies, especially 2,000 Hz. 
No significant improvements in the BC thresholds 
were observed after operation in patients who did 
not undergo ossicular reconstruction. 


The findings of a highly significant BC improve- 
ment for the reconstruction group and an absence of 
significant improvement in the group without recon- 
struction are buttressed by the results of individual 
data analysis indicating at least 10-dB improvement 
over 2 or more frequencies in 71% of the former 
group and 096 of the latter group. These findings pre- 
sent strong support for the theory that alteration in 
the mechanics of middle ear transmission accounts 
for the elevated BC thresholds in patients with chron- 
ic ear disease. Therefore, the mean observed differ- 
ence between the postoperative and preoperative BC 
thresholds essentially represents the magnitude of the 
restoration of the middle ear contribution to the BC 
response that occurs with ossicular reconstruction. 
Thus, ossicular reconstruction, in these subjects, 
yielded a functional ossicular chain. 


The absence of a postoperative improvement in 
the BC thresholds in the group without reconstruc- 
tion suggests that the middle ear contribution to the 
BC response, which was eliminated because of dis- 
ease, failed to be restored with surgery, since a func- 
tional ossicular chain had not been constructed. Had 
these ears been included in the group that received 
ossicular reconstruction, it is likely that significantly 





IMPROVEMENT AT 2,000 HERTZ AND THERAPEUTIC EFFICIENCY OF OSSICULAR RECONSTRUCTION (N = 14) 


2,000 Hz 3,000 Hz 4,000 Hz 8,000 Hz 
E 3 .58 45 
.0045* .0502 .0284* .1108 


improved BC thresholds would not have been ob- 
served postoperatively — or, at the very least, the 
magnitude of the improvement would have been un- 
derestimated. 


Polypoid middle ear mucosa was present in 2 of 
the 3 subjects with the least postoperative improve- 
ment in BC sensitivity and was absent in the sub- 
jects demonstrating the greatest postoperative im- 
provement in BC sensitivity. Perhaps the presence 
of polypoid middle ear mucosa may reduce the abil- 
ity of reconstruction to restore the middle ear contri- 
bution to the BC response. A large-sample investiga- 
tion is needed to test this hypothesis. 


The observed significant relationship between the 
magnitude of improvement in the BC threshold at 
2,000 Hz and the therapeutic efficiency of ossicular 
reconstruction at 500, 1,000, 2,000, and 4,000 Hz 
provides further support for the theory that the ele- 
vated BC thresholds in conductive hearing impair- 
ment are mechanical. That is, the observed relation- 
ship between the magnitude of BC improvement and 
the therapeutic efficiency suggests that the mecha- 
nism underlying the postoperative improvement in 
the 2,000-Hz BC threshold is the same as that un- 
derlying the postoperative improvements in the air 
conduction thresholds measured between 500 and 
4,000 Hz. The lack of a significant relationship be- 
tween the postoperative improvement in the 2,000- 
Hz BC threshold and the therapeutic efficiency at 
250 Hz may reflect increased variability in the air 
conduction threshold at 250 Hz and/or a smaller ef- 
fect size at that frequency. Leakage of sound energy 
from under the earphones is greater at the lower fre- 
quencies than at the higher frequencies. The absence 
of a significant relationship between the postopera- 
tive improvement in the 2,000-Hz BC threshold and 
the therapeutic efficiency at 8,000 Hz may reflect a 
smaller effect size at the latter frequency. 


ACKNOWLEDGMENTS — We thank Tina Presutti for her invaluable assistance in data collection and study setup, Dr Guopei Yu for his help 
with statistical analysis, Dr William Spencer for his assistance with endoscopic examination of the eustachian tube, and Mati Guzzo-Crocomo 


for her help with data reduction. 


REFERENCES 


I. Bluvshtein GM. The audiological characteristics of chron- 
ic suppurative otitis media. Vestn Otorinolaringol 1963;25:64- 


2. Paparella MM, Brady DR, Hoel R. Sensorineural hear- 
ing loss in chronic otitis media and mastoiditis. Trans Am Acad 
Ophthalmol Otolaryngol 1970;74:108-15. 


3. English GM, Northern JL, Fria TJ. Chronic otitis media 
as a cause of sensorineural hearing loss. Arch Otolaryngol 1973; 
98:18-22. 

4. Dumich PS, Harner S. Cochlear function in chronic oti- 
tis media. Laryngoscope 1983;93:583-6. 

5. Walby AP, Barrera A, Schuknecht HF. Cochlear pathol- 


^. 


Linstrom et al, Bone Conduction Impairment 441 


ogy in chronic suppurative otitis media. Ann Otol Rhinol Laryn- 
gol Suppl 1983;92(suppl 103). 


6. Paparella MM, Morizono T, Le CT, et al. Sensorineural 


hearing loss in otitis media. Ann Otol Rhinol Laryngol 1984;93: 


623-9. 


7. Papastavros T, Varlejides S. Reversible and permanent 
bone conduction threshold shift in cases of chronic suppurative 
otitis media. Am J Otol 1986;7:338-46. 


8. Browning GG, Gatehouse S. Hearing in chronic suppura- 
tive otitis media. Ann Otol Rhinol Laryngol 1989;98:245-50. 

9, Cusimano F, Cocita VC, D’ Amica A. Sensorineural hear- 
ing loss in chronic otitis media. J Laryngol Otol 1989;103:158- 
63. 

10. Levine BA, Shelton C, Berliner KI, Sheehy JL. Senso- 
rineural loss in chronic otitis media: is it clinically significant? 
Arch Otolaryngol Head Neck Surg 1989;115:814-6. 

11. Vartianen E, Seppa J. Results of bone conduction follow- 
ing surgery for chronic ear disease. Eur Arch Otorhinolaryngol 
1997;254:384-6. 


12. Blakeley BW, Kim S. Does chronic otitis media cause 


e 


sensorineural hearing loss? J Otolaryngol 1998;27:17-20. 


13. Eisenman DJ, Parisier SC. Is chronic otitis media with 
cholesteatoma associated with neurosensory hearing loss? Am 
J Otol 1998;19:20-5. 


14. El-Sayed Y. Bone conduction impairment in uncompli- 
cated chronic suppurative otitis media. Am J Otol 1998;19:149- 
53. 


15. Tonndorf J. Bone conduction: studies in experimental ani- 
mals. Acta Otolaryngol Suppl (Stockh) 1966(suppl 213). 


16. Carhart R. Clinical application of bone conduction audi- 
ometry. Arch Otolaryngol 1950;51:798-808. 


17. Silman S, Silverman CA. Auditory diagnosis: principles 
and applications. San Diego, Calif: Singular Publishing Group, 
1991. 


18. Hood JD. The principles and practice of bone conduc- 
tion audiometry. Laryngoscope 1960;70:1211-28. 


19. Riffenburgh RH. Common tests on the distribution shape 
of continuous data. In: Riffenburgh RH, ed. Statistics in medi- 
cine. San Diego, Calif: Academic Press, 1993:337-9. 


INTERNATIONAL HEARING AID CONFERENCE 


International Hearing Aid Conference VI. Novel Processing and Fitting Strategies will be held in Iowa City, Iowa, June 7-9, 2001. 
For information, see web site www.medicine.uiowa.edu/otolaryngology/news/news, or contact Rich Tyler by telephone (319-356-2471) 


or e-mail (rich-tyler@uiowa.edu). 


Ann Otol Rhinol Laryngol 110:2001 


DETECTION OF INTRACYTOPLASMIC CYTOKINES BY FLOW 
CYTOMETRY IN ADENOIDS AND PERIPHERAL BLOOD 
LYMPHOCYTES OF CHILDREN 


JOEL M. BERNSTEIN, MD, PHD 


MARK BALLOW, MD 


GARY RICH 


BUFFALO, NEW YORK 


Cytokine flow cytometry at the single-cell level has never been utilized in the study of adenoidal lymphocytes. We describe the 
multiparameter capability of flow cytometry to simultaneously detect an antigen on the surface of the adenoidal and peripheral blood 
lymphocytes and detect Th1 and Th2 cytokines within the cytoplasm of these lymphocytes. The data suggest that the percentage of 
cells producing interferon (IEN)-y are decreased in adenoidal as compared to peripheral blood lymphocytes, confirming our previ- 
ous studies. The new findings show that the CD8 subset of adenoidal lymphocytes produces lower amounts of IFN-y as compared to 
peripheral blood CD8 cells. The intracytoplasmic synthesis of interleukin (1L)-2, however, appears to be similar in both adenoidal 
and peripheral blood lymphocytes. The CD4 subset of lymphocytes in the adenoid produces more IL-2, whereas the CD8 subset 
produces more IFN-y. Finally, as shown in our previous studies, the Th2 cytokines appear to be produced in similar quantities in both 


adenoidal and peripheral blood lymphocytes. 
KEY WORDS — adenoid, cytokine, flow cytometry. 


INTRODUCTION 


The adenoid is a lymphoepithelial organ situated 
in a critical position in the upper respiratory tract. It 
lies directly adjacent to the eustachian tube, which 
is the major entrance for bacterial or viral antigens 
entering the middle ear space. The adenoid also is 
situated very close to the natural ostia of the parana- 
sal sinuses, so the bacteria and viral agents that pre- 
dispose to sinusitis may also originate from the ade- 
noid. Finally, the major pathogens that are responsi- 
ble for chronic bronchitis and pneumonia most likely 
originate from the nasopharyngeal microflora. 


It is therefore important to understand the immu- 
nologic events that take place in the adenoid, as these 
events may determine the outcome of infectious dis- 
eases of the upper and lower respiratory tract. Lym- 
phocytes, as well as other immunocompetent cells 
of the adenoid, exert their effector function in part 
through the synthesis and release of cytokines. In 
the literature, very little information is available on 
lymphocyte function and cytokine production in the 
adenoid, although much is known about these mole- 
cules in the palatine tonsil, as well as 1n other lym- 
phoid structures in the body.! We previously re- 
ported that adenoidal T lymphocytes appear to sup- 
port synthesis of either adenoidal B cells or periph- 
eral blood B cells less well than peripheral blood T 
cells.^ Using an enzyme-linked immunosorbent as- 


say, we also described decreased Thi cytokine re- 
Jease by adenoidal lymphocytes as compared to au- 
tologous peripheral blood lymphocytes both in chil- 
dren with recurrent otitis media and in children with- 
out otitis media.? We concluded that Thi cells (lym- 
phocytes that produce mainly interferon [IFN ]-y and 
interleukin [IL ]-2) may demonstrate an alteration or 
modulation of immunologic function. In contrast, Th2 
cytokine production (IL-4, IL-5, IL-10) appeared to 
be approximately the same in the adenoidal lympho- 
cytes and peripheral blood lymphocytes.? 


Both IFN-y and IL-2 are classic Thi cytokines. 
These cytokines are primarily involved in cell-medi- 
ated immune responses and, as such, are important 
in the elimination of intracellular pathogens and in 
the eradication of virus-infected cells. Th2 cytokines 
such as IL-4 and IL-5 are primarily involved in the 
terminal synthesis of immunoglobulins, particularly 
IgE. Furthermore, IL-5 is a principal cytokine respon- 
sible for the survival of eosinophils, and thus, upregu- 
lation of Th2 cytokines appears to be important in 


the development of allergy and tissue eosinophilia. 


Alterations in the balance of Thi and Th2 cytokines. 
in the adenoid, therefore, are of critical importance 
in the development in children of various diseases, 
such as otitis media and sinusitis. One of the goals 
of our laboratory has been to determine cytokine pro- 
duction by adenoidal lymphocytes in various disease 
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TABLE 1. DEMOGRAPHICS OF CHILDREN 


Age Allergy 
Child Sex (y) Condition of Adenoid Status 

1 M $ Hypertrophic =- 

2 M 4 Hypertrophic — 

3 M 6 Infected (small) 

4 F 8 Hypertrophic - 

3 M 3 Infected (small) + 

6 F 5 Hypertrophic + 

7 F 4 Hypertrophic -— 

8 F 6 Infected (small) — 

9 M 7 Hypertrophic — 
10 M 6 Infected (small) + 
11 M 5 Hypertrophic -= 
12 F 4 Hypertrophic - 


*Otitis-prone child. 


conditions, such as otitis media and sinusitis, to de- 
termine whether alterations in cytokine production 
may play a role in these clinical entities. 


To further dissect the immune response in the ade- 
noidal lymphocytes, we present now the detection of 
intracytoplasmic cytokines using flow cytometry and 
directly conjugated monoclonal anti-cytokine anti- 
bodies in adenoidal and autologous peripheral blood 
lymphocytes. 

MATERIALS AND METHODS 

The adenoids and peripheral blood of 12 children 

whose ages ranged from 3 to 8 years of age were used 


in this study. Six of the 12 children were admitted to 
the hospital for hypertrophic adenoids causing nasal 
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Diagrammatic representation of blood or adenoidal tym- 
phocyte in technique of single-cell flow cytometry. 
Monoclonal antibody is directed against CD4 or CD8 
with fluorescein-conjugated antibody producing green 
color. Saponin liquefies outer membrane of lymphocyte, 
allowing specific monoclonal antibody directed against 
Thi and Th2 cytokines to enter cytoplasm. Monensin is 
bacterial-derived enzyme that disrupts Golgi apparatus, 
preventing efflux of cytokine from cell. Thus, cytokine 
synthesis remains within cell and can be measured. Mono- 
clonal antibody directed against cytokine is stained with 
red stain so that 2-color flow cytometry is used to deter- 
mine external antigen, as well as internal protein. 


Otitis Media 

With Effusion Procedure 
L* Adenoidectomy with bilateral tubes 
-— Adenoidectomy 
zx Adenoidectomy 
- Adenoidectomy 
4H Adenoidectomy with bilateral tubes 
+ Adenoidectomy with bilateral tubes 
_ Adenoidectomy 
+ Adenoidectomy with bilateral tubes 
— Adenoidectomy 
- Adenoidectomy 
— Adenoidectomy 
-— Adenoidectomy 


obstruction. Although some of these 6 children had 
a history of otitis media, none of these children could 
be considered as otitis-prone as defined by 4 episodes 
of otitis media in the first year of life or 6 episodes 
of acute otitis media in the first 2 years of life. Four 
children were allergic as defined by clinical history, 
physical examination, and the presence of positive 
intradermal prick skin tests or radioallergosorbent 
tests. Two children of the 12 in this study were con- 
sidered otitis-prone as defined above. 


At the time of surgery, 4 children had otitis media 
with effusion and underwent adenoidectomy with in- 
stallation of pressure-equalizing tubes. The other 8 
children underwent adenoidectomy: 6 for hypertro- 
phy alone and 2 because of a history of recurrent 
otitis media. (At the time of surgery, the middle ears 
were normal.) The demographics of the children are 
summarized in Table 1. 


The homogenization of the adenoid and the sepa- 
ration of lymphocytes in both the adenoids and pe- 
ripheral blood have been previously described.^? The 
adenoid tissues were cut into small fragments and 
teased apart to disperse the cells into a single-cell sus- 
pension. Mononuclear cells were separated by Ficoll- 
Hypaque density gradient centrifugation. Peripheral 
blood lymphocytes were collected and washed in 
Hank's buffered salt solution (Gibco Laboratories, 
Grand Island, NY). Peripheral blood mononuclear 
cells were separated by Ficoll-Hypaque density gra- 
dient centrifugation. All cultures were carried out in 
medium RPMI 1640 (Gibco Laboratories) supple- 
mented with 100-U/mL penicillin G, 50-ug/mL strep- 
tomycin, 2-mmol/L glutamine, 10-mmol/L Hepes 
buffer, and 15% heat-inactivated fetal calf serum 
(Flow Laboratories, McLean, Va). The technique for 
detection of intracytoplasmic cytokine using directly 
conjugated anti-cytokine antibodies and antibodies 
directed against the surface markers CD4 and CD8 
is schematically summarized in the Figure. Briefly, 
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TABLE 2. PERCENTAGES OF CD4 AND CD8 
LYMPHOCYTES IN PERIPHERAL BLOOD AND 
ADENOID (N = 12) 


Blood Adenoid p 
CD4 45.4 1 3.0 30.3 € 4.3 .002 
CD8 23.0 + 2.2 10.9 t: 2.0 .006 


cell activation with phorbol 12-myristate 13-acetate 
(PMA) and calcium ionophore was used to stimu- 
late adenoidal and peripheral blood lymphocytes. 
Cells were cultured for 8 hours in the presence of 
monensin to accumulate the cytokine in the Golgi ap- 
paratus. Monensin is a lipophilic metabolite of Strep- 
tomyces cinnamonensis that binds Nat, Kt, and H* 
ions, leading to a disruption of ion gradients and bio- 
logical membranes. This results in a perturbation of 
the Golgi complex and an interruption of transport 
to the cell membrane without influencing protein syn- 
thesis. Thus, monensin treatment results in an accu- 
mulation of a cytokine in the cell, leading to enhanced 
numbers of positively stained cells after a definite 
time period. Before cell preparation for flow cytom- 
etry, the Fc receptors on the lymphocytes were pre- 
blocked with an excess of irrelevant purified immu- 
noglobulin. Cell surface antigens CD4 and CD8 were 
stained in a staining buffer consisting of approximate- 
ly 0.5 ug of fluorescein-conjugated monoclonal an- 
tibodies specific for CD4 and CD8 obtained from 
Pharmingen (San Diego, Calif). The cells were then 
fixed with paraformaldehyde for 20 minutes at 4?C. 
The cells were kept overnight in fixation buffer at 
4°C. Cell aggregation was avoided by pipetting and 
vortexing prior to fixation. After the cells were per- 
meabilized with saponin, anti-cytokine antibody di- 
luted to the appropriate concentration was incubated 
with the cells for 30 minutes at 4?C. Intracytoplas- 
mic staining of 4 cytokines was performed with phy- 
coerythrin (PE)-conjugated monoclonal anti-IL-2, 
IL-4, IL-5, and IFN-y. In the initial studies, positive 
and negative controls were used in the following man- 
ner. Unlabeled monoclonal antibodies blocked the 
intracytoplasmic labeling of cytokines by means of 
non-labeled antibody controls, including cells that 
were not stimulated with PMA-calcium ionophore. 
Absence of cell stimulation resulted in no cytokine 
production inside the cell. Finally, monensin was cul- 
tured with the cells for 6 hours, which appears to be 
the ideal time for all 4 cytokines studied in this pro- 
tocol. 


The analysis of data was performed on a FAC- 
SCAN flow cytometer (Becton Dickinson Immuno- 
cytometry Systems, Palo Alto, Calif) with Lysis II 
software. Dead cells and monocytes were excluded 
by forward and side scatter gating. Typically, 20,000 
to 100,000 events were acquired, depending on the 


TABLE 3. PERCENTAGES OF PERIPHERAL BLOOD 
LYMPHOCYTES AND ADENOIDAL LYMPHOCYTES 


PRODUCING CYTOKINES 
Blood Adenoid p 
IFN-y . 169 £ 1.7 4.7 € 0.61 «.001 
IL-2 18.6 t 2.3 14.9 3: 1.7 NS 
IL-4 1.3 0.2 2.153: 0:3 .001 
IL-5 0.492 + 0.20 1.7 3x: 0.9 NS 
CD4 IFN-y 9.7 + 1.26 9.8 t: 1.3 NS 
CD4 IL-2 31.8: 3.58 37.1 £3.8 NS 
CD4 IL-4 7.1 3.4 5.36 £0.75 NS 
CD4 IL-5 4.7 +43.2 1.7 € 0.54 NS 
CD8 IFN-7 30.9 + 3.3 2113331 .016 
CD8 IL-2 10.3 € 1.5 14.1 € 1.8 NS 
CD8 IL-4 0.875 + 0.16 2.75 + 0.49 .001 
CD8 IL-5 1.11+0.71 1.99 + 0.65 .067 


IFN — interferon, IL — interleukin, NS — not significant. 


cytokine being studied. Statistical markers were set 
with use of the negative control cells as a reference. 
Typically, 0.1% or fewer positive cells were allowed 
beyond the statistical marker in these controls. 


Statistical analysis of the percentages of cytokine 
production by adenoidal lymphocytes and peripheral 
blood lymphocytes was performed by the Statistical 
Package for the Social Sciences (SPSS) with the 
paired Student's t-test. A p value of less than .05 was 
considered statistically significant. 


Inasmuch as the palatine tonsils of the children 
were not studied because there was no clinical indi- 
cation for their removal, a comparison between ade- 
noidal T lymphocyte cytokine production and pala- 
tine tonsillar T lymphocyte cytokine production can- 
not be made in this study. 


J RESULTS 


The results for the total study are given in Tables 
2 and 3. The major findings demonstrate that there 
are more CD4 and CD8 cells in the peripheral blood 
than in the adenoid. The percentage of cells synthe- 
sizing IFN-y in the peripheral blood is almost 4 times 
greater than that in the adenoid. The amounts of IL- 
2 production at both sites are approximately the same. 
In contrast, there is significantly more IL-4 being 


produced in the adenoid than in the peripheral blood 


lymphocytes. There is also more IL-5 in the adenoids 
than in the peripheral blood lymphocytes, but this 
finding does not reach statistical significance. In spe- 
cifically dissecting the immune response, it appears 
that CD6 cells in the peripheral blood are producing 
significantly more IFN-y than adenoidal CD8 cells, 
and this finding primarily accounts for the decreased 
production of IFN-y in the adenoid. Finally, it is of 
interest to note that CD4 cells produce more IL-2 in 
both the peripheral blood and the adenoid and CD8 
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cells produce more IFN-y in both the peripheral blood 
and the adenoid. 


DISCUSSION 


Cytokine flow cytometry differs from traditional 
cytokine assays in that the unit of data is the frequen- 
cy of cytokine-producing cells. Such data may be 
meaningful. In this study, it has been demonstrated 
that the percentage of adenoidal lymphocytes produc- 
ing IEN-y is significantly less than the percentage of 
peripheral blood lymphocytes producing it. Further- 
more, it appears that the CD8 subset of T lympho- 
cytes 1s responsible for this decrease, because CD4 
lymphocytes from both peripheral blood and ade- 
noids appear to possess approximately the same per- 
centage of cells producing IFN-y. 


Our studies also confirm previously reported find- 
ings in peripheral blood that IL-2 is the dominant 
cytokine produced by CD4 cells, whereas IFN-y pre- 
dominates in the CD8 response.’ This is the first re- 
port of good correlations in the adenoid. Although 
IL-4 and JL-5 frequencies were generally slightly 
higher in the adenoid, the small numbers that were 
seen are again consistent with the previous published 
data, suggesting that the percentage of CD4 and CD8 
cells producing Th2 cytokines is much smaller than 
the percentage of those producing Thi cytokines.? 
In general, this study, detecting intracytoplasmic cy- 
tokines by using flow cytometry and directly conju- 
gated anti-cytokine antibodies, confirms our previ- 
ous studies demonstrating that adenoidal lymphocytes 
produce less IFN-y than peripheral blood lympho- 
cytes.? The significance of decreased amounts of IFN- 
yin the adenoid as a part of the local immune system 
in the nasopharynx has yet to be established. How- 
ever, it has been shown that IFN-y enhances Ig A pro- 
duction,’ increases major histocompatibility complex 
antigen expression, and probably allows antigen pre- 
sentation by different mucosal cells.? Interferon-y also 
increases the expression of secretory component re- 
ceptors on certain cells of the gastrointestinal tract 
and thus facilitates secretory IgA transport.? Further- 
more, IFN-y has been found to interfere with tight 
junction permeability between the intestinal epithe- 
lial cells, as well as with active electrolyte secretion 
by enterocytes in vitro.!? Whether this interference 
occurs in the adenoid has yet to be determined. In 
addition, IFN-y interferes with the receptivity of epi- 
thelial cells toward invasive pathogens in the gastro- 
intestinal tract, such as Shigella, and stimulates in- 
fected epithelial cells and macrophages to produce 
nitric oxide, which is strongly bactericidal.!! These 
functions of IFN-y could possibly be playing a role 
at the level of the nasopharyngeal lymphoepithelial 
organ. 


Viral infection is probably the most important trig- 
ger for the development of otitis media and sinusi- 
tis. The mechanisms are poorly known, but it has 
been suggested that viral infection enhances bacte- 
rial invasion of the middle ear and sinuses by decreas- 
ing mucociliary clearance? and decreasing neutro- 
phil function.? Therefore, one of the most important 
consequences of diminished IFN-y production in the 
adenoid is an increased susceptibility to viral infec- 
tious diseases of the upper respiratory tract, which 
may lead to increased bacterial replication in the ade- 
noid. 


In conclusion, the present studies confirm and ex- 
tend our ideas on the pathogenesis of otitis media 
and sinusitis in relation to the adenoid. First, adenoi- 
dal T cells do not appear to support immunoglobulin 
synthesis, as compared with either homologous pe- 
ripheral blood T cells or allogeneic T cells. Adenoidal 
B cells are able to synthesize immunoglobulins, par- 
ticularly IgG, when stimulated either by the patient's 
own peripheral blood T cells or by allogeneic T cells; 
this finding suggests that it is the adenoidal T cells 
that exhibit perturbation in the support of immuno- 
globulin synthesis. In support of this concept of al- 
teration of T cell function, there appears to be evi- 
dence that on enzyme-linked immunosorbent assay, 
IFN-y production and IL-2 secretion are decreased 
in the adenoid as compared to peripheral blood lym- 
phocytes. The present study has dissected the im- 
mune response somewhat further, in that we suggest 
that the alteration in the production of IFN-y resides 
in the CD8 subset of T lymphocytes. 


In analyzing the data in the study, it is important 
to emphasize that the numbers are relatively small. 
However, there were no differences between children 
with hypertrophic adenoids without otitis media and 
children with chronic adenoiditis and otitis media with 
effusion. Furthermore, the 2 otitis-prone children also 
had decreased production of IFN-y by CD8 T cells. 
Thus, there was a uniformity in all patients regard- 
less of their clinical disease or whether IgE-medi- 
ated hypersensitivity was present. At this time, no cor- 
relation can be made between the development of re- 
current otitis media and perturbation of IFN-y synthe- 
sis in the adenoidal lymphocytes. Although increased 
susceptibility to viral infection may be a leading can- 
didate in the pathogenesis of recurrent otitis media, 
bacterial otitis media and bacterial rhinosinusitis are 
the result of many variables, including genetic predis- 
position as it relates to the synthesis of both IgA and 
IgG subclasses, anatomic variations of both the eu- 
stachian tube and the ostia of the sinuses, and epide- 
miological factors such as parental smoking, breast 
feeding, and socioeconomic conditions. The findings 
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in this study present one important variable, however, 
and that is a consistent perturbation of T cell func- 
tion in the adenoid in children undergoing adenoidec- 
tomy for either hypertrophy or otitis media with ef- 
fusion. It remains to be determined whether this find- 
ing is an important predisposing factor in the devel- 
opment of upper respiratory tract viral and bacterial 
infection. 


Cytokine flow cytometry has emerged in the past 


few years as the technique of choice for studying 
cytokine production at the single-cell level. By us- 
ing 3-color flow cytometry, investigators will be able 
to identify novel subsets of adenoidal lymphocytes 
capable of producing specific cytokines. This ability 
will eventually permit detection of antigen-specific 
cytokine responses, an indispensable tool for the in- 
vestigation of disease pathophysiology, immunomod- 
ulation, and vaccine development at the level of the 
nasopharynx. 
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IMMUNOPATHOLOGIC STUDY OF CHRONIC SINUSITIS: A PROPOSAL 
FOR ATOPIC AND NON-ATOPIC IGE-ACTIVATED MAST CELL 
ALLERGIC INFLAMMATION 


LAWRENCE 5. LOESEL, MD 
TRAVERSE CITY, MICHIGAN 


Paranasal sinus mucosa was examined in this study for mast cell membrane-bound IgE. The study material was from 54 patients 
identified in hospital records as having one of the following diagnoses: chronic sinusitis, chronic sinusitis with asthma, or chronic 
sinusitis with associated nasal polyps. Formalin-fixed tissue samples taken during endoscopic sinus surgery were routinely pro- 
cessed and examined with hematoxylin and eosin stains. Additional sectioned tissue was analyzed by fluorescence microscopy for 
mast cells after the use of anti-IgE and anti-tryptase antisera; 45% of the cases of chronic sinusitis, 50% of the cases of chronic 
sinusitis with polyposis, and 69% of the cases of chronic sinusitis with asthma exhibited 10 or more IgE-positive mast cells in the 
sinus mucosa. Significant numbers of individuals with chronic sinusitis have coexistent allergic disorders. Some individuals in this 
study who were not allergic by hospital record review also manifested IgE-positive mast cells in the sinus mucosa; a basis for this 


finding is proposed. 


KEY WORDS — allergy, chromosome 5Q31.1, chronic sinusitis, IgE, interleukin-4, mast cell. 


INTRODUCTION 


My interest in upper airway allergy was initiated 
in 1980, with the immunofluorescence study of IgE- 
positive mast and plasma cells in adenoid tissue re- 
moved from 606 children.! That study and a subse- 
quent analysis of additional cases for a total of 1,242 
children revealed that 55% of the 259 children whose 
adenoid tissue demonstrated numerous fluorescent 
membrane-positive IgE mast cells had no evidence 
of clinical allergy.? In 1987, I proposed that some of 
the “false-positive,” non-allergic children who mani- 
fested positive fluorescent IgE mast cells in their ade- 
noid tissue might have been showing immune re- 
sponses to viral or bacterial infections.? 


A chance to examine sinus mucosa retrieved by 
endoscopic surgery afforded the opportunity to study 
upper respiratory tract mucosa in which multiple epi- 
sodes of infection and/or inflammation had been clin- 
ically determined. Notably, functional endoscopic si- 
nus surgery has been reported to ameliorate asthma 
in 90% of patients in long-term follow-up.* Newman 
et al> documented the surgically obtained culture re- 
sults of 104 endoscopic sinus surgery patients with 
regard to aerobic and anaerobic bacteria and fungi; 
all cultures grew at least 1 aerobic organism, with 
coagulase-negative staphylococci being the most fre- 
quent. 


MATERIALS 


The cases were drawn from Munson Medical Cen- 
ter medical records and surgical pathology files for 


endoscopic sinus surgery procedures conducted in 
the years 1994 through 1996 inclusive. The clinical 
diagnoses and historical data for these cases were 
drawn solely from the medical records. Fifty-four 
cases were studied: 22 with chronic sinusitis alone, 
16 with chronic sinusitis and asthma, and 16 with 
chronic sinusitis with associated nasal polyposis. The 
definition of chronic sinusitis used herein meets the 
working definition proposed by Lanza and Kennedy.® 
The site of the paranasal sinus is not further defined, 
because endoscopic surgical material from the eth- 
moid and maxillary sinuses was often jointly sub- 
mitted in a single container for pathological exami- 
nation. 


The hospital records related to sinus surgery ad- 
mission were inspected for specific mention of al- 
lergic rhinitis or hay fever and/or asthma. Asthma 
was well documented by physician admission his- 
tory and the nurse's and anesthesiologist's preopera- 
tive notes. Allergic rhinitis, however, was not re- 
corded in any of the 54 patients' records. The hospi- 
tal records included a history of drug allergy or ad- 
verse drug reaction to 1 or more agents 1n 14 individ- 
uals: 6 men and 8 women. Eight cases had chronic 
sinusitis and asthma, 4 had chronic sinusitis alone, 
and 2 had chronic sinusitis and nasal polyposis. The 
majority of patients, 9, had had reactions to antibiot- 
ics, with penicillins and sulfonamides cited most fre- 
quently. One patient with chronic sinusitis, asthma, 
and nasal polyposis had asthma as a reaction to aspi- 
rin. This individual (case 35), Jater identified as hav- 
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ing Samter triad—type asthma, also had skin test-de- 
fined atopy that resulted in subsequent desensitiza- 
tion therapy. 


METHODS 


The examination of sinus tissue for mast cells and 
IgE was done in the context of an ongoing study of 
adenoid and lymphoid tissue that exceeded 3,000 
cases during a 17-year period. Sensitivity, specific- 
ity, and sequential staining studies with anti-IgE and 
toluidine blue were carried out in initial studies.! The 
sensitivity of 200 IU/mL of IgE, a level that reflects 
appreciable elevation of that immunoglobulin, has 
been previously described in our work." Addition of 
anti-tryptase antisera as a mast cell identifier was car- 
ried out in an investigation of mast cell participation 
in Hodgkin's disease." The above antisera, and those 
described below, were used against positive and nega- 
tive adenoid control tissue that manifested either 
numerous or rare mast cells. Specifically for this 
study, polyclonal rabbit anti-IgE was diluted 1:100 
and followed by application of a 1:200 dilution of 
fluoresceinated goat anti-rabbit antiserum. Monoclo- 
nal mouse anti-tryptase was diluted 1:50 and followed 
by fluoresceinated goat anti-mouse diluted 1:20. Thir- 
ty-minute incubation periods at room temperature 
were carried out for both first- and second-set anti- 
body applications. All dilutions and interval washes 
were carried out with phosphate-buffered saline solu- 
tion, pH 7.2 (antisera from Dako Laboratories, Car- 


` pinteria, Calif). Microscopic examination was con- 


ducted with a Zeiss halogen epifluorescence micro- 
scope with excitation filters B-490 and EY-455 and 
barrier filters DM-500 and O-515. Photomicrographs 
were taken with a Nikon EFM system with Ilford 400 
ASA film. 


Immunofluorescence studies of sinus mucosa and 
stroma by the above technique revealed twofold vari- 
ation in stromal mast cell counts in various areas of 
14 cases, and threefold variation in 1 case. To mod- 
erate these variances in stromal sites, the 2 highest 
counts per high-power field (400x) were averaged. 
The single field of mucosal epithelium and subten- 
dant stroma exhibiting the greatest visible number 
of mast cells per high-power field was similarly re- 
corded. 


Formalin-fixed, wax-embedded, and convention- 
ally stained hematoxylin and eosin surgical pathol- 
ogy—accessioned slides were microscopically exam- 
ined. An analysis of the dominant inflammatory cell 
type present was made. That is, if inspection of the 
glass slide revealed 75% or greater numbers of a par- 
ticular cell type, it was so characterized, ie, eosino- 
philic, lymphocytic, or plasma cellular. If no cell type 


dominated and the inflammatory infiltrate was an ad- 
mixture of variable proportions of eosinophils, lym- 
phocytes, plasma cells, and neutrophils, the infiltrate 
was designated as mixed. For each case, the estimated 
area of inflammatory infiltrate on the hematoxylin 
and eosin—stained slide was microscopically deter- 
mined and semiquantified as less than 10%, 10% to 
40%, or greater than 40%. After examination of that 
single hematoxylin and eosin-stained slide that was 
most demonstrative of the above characterizations, 
the paraffin block from which the slide was prepared 
was further sectioned at 4 um for immunofluores- 
cence staining techniques to enumerate and localize 
mast cells. 


RESULTS 


Microscopic examination of the sinus mucosa and 
stroma by the immunofluorescence technique re- 
vealed readily identifiable fluorescent cells in the 
stroma and mucosa. By their larger size and convo- 
luted appearance, mast cells seemed to be the most 
numerous, but in mucosal epithelium particularly, the 
distinction between mast cells and basophils is diffi- 
cult. For reporting purposes and discussion in this 
study, the cells identified are tabulated as mast cells. 
Notably absent from the sinus tissue were immuno- 
fluorescent IgE plasma cells, except in 2 cases (cases 
17 and 54), in which 1 plasma cell was identified in 
each. 


Elevated numbers of IgE fluorescence-positive 
mast cells (10 or more per high-power field) in the 
sinus mucosa were noted in 29 of the 54 cases (54%). 
By disease category, 4596 of the chronic sinusitis cases 
bore elevated numbers of IgE-positive cells (Table 
1), as did 69% of the chronic sinusitis cases with 
asthma (Table 2) and 50% of the cases with chronic 
sinusitis with polyposis (Table 3). Anti-tryptase an- 
tisera detected significant numbers of mast cells in 
all 54 cases except 2 (cases 49 and 51), in which 
negligible numbers of mast cells were seen. Photo- 
micrographs of IgE-positive mast cells and mast cells 
labeled with anti-tryptase are shown in Figs 1 and 2, 
respectively. 


The predominant inflammatory cell infiltrate de- 
tected by hematoxylin and eosin correlated with im- 
munofluorescence-detected mast cells is given in Ta- 
ble 4. In 2 of the 16 asthmatic cases, eosinophils pre- 
dominated, whereas 11 cases, including the 2 that were 
eosinophilic-predominant, were detected by increased 
IgE-immunofluorescent mucosal mast cells (2/16 or 
13%, versus 11/16 or 69%). Eighteen of the 38 non- 
asthmatic cases, or 4796, bore numerous IgE-immuno- 
fluorescent mucosal mast cells, and 11 of the 38, or 
29%, showed predominant eosinophilic inflammation. 
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TABLE 1. CHRONIC SINUSITIS 


Case Sex Age (y) Cell Type and Percent 
1 M 57 Mixed «10 
2 F 30 Mixed <10 
3 M y Mixed «10 
4 M 22 Mixed «10 
5 M 50 Mixed «10 
6 M 31 Mixed <10 
7 M 71 Mixed 10-40 
8 F 40 Mixed 10-40 
9 M 47 Mixed 10-40 
10 F 44 Mixed 10-40 
11 F 33 Mixed 10-40 
12 F 24 EOS <10 
13 M 40 EOS <10 
14 M 69 EOS <10 
15 M 33 EOS 10-40 
16 M 66 EOS 10-40 
17 M 42 EOS 10-40 
18 F 61 EOS >40 
19 F 57 LYMPH <10 
20 F 31 LYMPH «10 
21 E 71 LYMPH 10-40 
22 M 48 PLASMA >40 


Anti-IgE MCIHPF Anti-Tryptase MC/HPF 


Stroma Mucosa Stroma Mucosa 
0 0 17 24 
0 0 13 14 
6 0 23 16 
7 0 27 17 

25 14 44 40 
34 24 20 26 
0 0 15 14 
0 0 18 21 
0 0 20 42 
15 T 21 30 
15 14 11 8 
0 0 18 15 
13 12 21 19 
23 42 9 43 
12 23 17 45 
21 52 18 53 
24 21 21 29 
16 0 29 26 
0 0 23 19 
8 12 14 20 
8 2 24 22 
4 36 15 16 


MC/HPF —— mast cells per high-power field, EOS — eosinophilic inflammation, LYMPH — lymphocytic inflammation, PLASMA — plasma 


cell inflammation. 


DISCUSSION 


In my original study! of adenoid tissue from chil- 
dren, the percentage of cases exhibiting fluorescence- 
positive [gE mast cells in stroma was 16%. Two per- 
cent of these children additionally revealed a trans- 
mucosal presence of 10 or more IgE-positive mast 


`- cells per high-power field in addition to numerous 


stromal mast cells.! The review by Brandtzaeg et al? 
of upper respiratory tract immunopathology noted 
that a shift of IgE-"armed" mast cells from the stroma 
into the mucosal epithelium signified allergen expo- 
sure. In this study of sinus mucosa from all clinical 
categories, 5496 exhibited this feature of transmu- 
cosal inflammation. Among asthma cases, 69% dis- 
played positive IgE mast cell mucosal involvement. 


TABLE 2. CHRONIC SINUSITIS WITH ASTHMA 


Case Sex Age (y) Cell Type and Percent 
23 E 64 Mixed «10 
24 F 14 Mixed «10 
25 F 29 Mixed <10 
26 F 46 l Mixed <10 
27 F 59 Mixed 10-40 
28 F 35 Mixed 10-40 
29 F 45 Mixed 10-40 
30 F 32 Mixed 10-40 
31 F 49 Mixed 10-40 
32 F 61 Mixed 10-40 
33 F 63. Mixed 10-40 
34 M 73 Mixed >40 
35 M 44 Mixed >40 
36 F 45 EOS 10-40 
37 M 49 EOS >40 
38 M 54 LYMPH 10-40 


Anti-IgE MCIHPF Anti-Tryptase MCIHPF 

Stroma Mucosa Stroma Mucosa 
2 0 6 12 
9 3 12 20 
20 18 23 37 
15 22 10 20 
13 2 18 15 
10 10 33 30 
8 12 12 29 
21 . 18 29 22 
17 32 49 19 
32 33 30 24 
21 45 26 21 
2 0 18 19 
32 33 30 42 
23 19 23 18 
19 12 15 9 
0 0 20 22 
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TABLE 3. CHRONIC SINUSITIS WITH POLYPOSIS 

















Anti-IgE MC/HPF Anti-Tryptase MC/HPF 























Case Sex Age (y) Cell Type and Percent Stroma Mucosa Stroma Mucosa 
39 M 44 Mixed <10 0 0 15 30 
40 M 26 Mixed «10 13 9 B 25 
4] M 38 Mixed «10 14 15 3 14 
42 M 70 Mixed 10-40 4 | 16 18 
43 M 58 Mixed 10-40 8 5 20 10 
44 F 43 Mixed 10-40 70 45 57 27 
45 M 55 Mixed 10-40 38 s 19 39 
46 F 48 Mixed 10-40 37 59 46 55 
47 M p Mixed »40 0 0 14 15 
48 M 59 Mixed >40 12 22 16 8 
49 M 55 EOS >10 0 0 £i 0 
50 F 53 EOS >10 2 6 13 24 
5] M 75 EOS >10 12 19 2 3 
52 M 58 EOS 10-40 18 3] 16 27 
53 M 60 LYMPH »40 17 24 38 26 
54 M 31 PLASMA >10 0 0 E 23 








As noted in a previous study? from our labora- 
tory, 5596 of children who had numerous stromal 
fluorescent IgE-positive mast cells in adenoid tissue 
had no clinical evidence of allergy. A follow-up of 
39 non-allergic children performed 13 years later by 
mailed questionnaire (20 mast cell membrane IgE- 
positive and 19 IgE-negative) revealed that none had 


symptoms of allergy and that their personal physi- 
cian had made no diagnosis of airway allergic dis- 
ease (unpublished observations). 

Newman et al? in their study of chronic sinusitis 


by computed tomography (CT), immunoassays for 
IgE, and peripheral tissue eosinophilia, noted that 





Fig 1. (Case 36) Mast cells distributed in stroma about 
coiled, partly autofluorescent elastica in blood vessel 
(anti-IgE/anti-rabbit fluorescein, original x200). 


Fig 2. (Case 14) Mast cells principally resident in mu- 
cosal glandular epithelium and few in subtendant stroma 
(anti-tryptase/anti-mouse fluorescein; original x200). 
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TABLE 4. DISTRIBUTION OF IGE MAST CELLS BY 


INFLAMMATORY CELL TYPE 
IgE-Positive IgE-Negative 
(>10 MCIHPF) («10 MCIHPF) 

Asthmatic cases (n = 16) ai 5 

Mixed 9 4 

EOS 2 

LYMPH 1 
Non-asthmatic cases (n = 38) 18 20 

Mixed 8 13 

EOS 7 4 

LYMPH 2 2 

PLASMA 1 1 


IgE antibodies were associated with severe chronic 
sinusitis. The majority of patients with extensive si- 
nus disease had a negative radioallergosorbent test 
(RAST) result. A subsequent study of an additional 
80 patients by this group revealed atopy, as defined 
by an elevated IgE level and/or a positive RAST 
score, in 40% of patients.? 


Baroody et al!? analyzed the relationship between 
total IgE serum levels and sinus mucosal thickness 
on CT scans. Their study of 86 patients revealed a 
significant correlation between the extent of sinus 
disease as determined by CT scan and serum levels 
of IgE. They suggest that inflammatory responses to 
precipitating events such as viral or bacterial infec- 
tions or IgE-mediated allergic reactions could be con- 
tributing factors. A smaller study by the same group!! 
revealed sinus mucosal abnormalities by CT in 6 of 
10 adults with ragweed allergic rhinitis. In discus- 
sion of hypotheses that may link chronic sinusitis 
and allergic rhinitis, they note that the character of 
inflammation in subjects with allergies differs from 
that in subiects without allergies. They cite the work 
of Hamilos et al,!2 which demonstrated similar eo- 
sinophilic leukocytic infiltrates in allergic and non- 
allergic hyperplastic sinusitis. The work of Hamilos 
et al would indicate that eosinophilic infiltrates can- 
not signify allergic inflammation unless fully charac- 
terized clinically with appropriate allergy skin test- 
ing or, as in their analysis, a broad panel of cytokine 
measurement. 


Burrows et al,!3 in their study of 2,657 subjects in 
Tucson, Arizona, for asthma and allergic rhinitis, 
found the prevalence of asthma to be closely related 
to serum IgE level. Atopy was defined in this study 
by skin tests employing a variety of allergens com- 


mon to the Tucson area. The prevalence of asthma 
followed the serum IgE level more closely than the 
degree of atopy. Slavin!^ reported, in his study of 80 
adults who had sinusitis and asthma, that two thirds 
were non-atopic on the basis of history and skin tests. 


Ponikau et al!? recently made a novel contribu- 
tion to the study and understanding of chronic rhino- 
sinusitis. They contend that allergic (eosinophilic) 
fungal sinusitis was present in 93% of their 101 sur- 
gical chronic rhinosinusitis cases. They believe that 
type 1 hypersensitivity is not the common denomina- 
tor in chronic rhinosinusitis. In the absence of a study 
of mast cells in sinus mucosa in their work, they cite 
Jankowski et al,!6 who state that mast cells are not 
increased in the nasal mucosa in chronic sinusitis. 


Marsh et al!7-18 have proposed, in their genetic re- 
search of Amish families, an explanation for elevated 
IgE that does not have a basis in allergen-driven IgE 
production. They propose that a generalized up-regu- 
lation of interleukin 4 (IL-4) resident on chromosome 
5Q31.1 leads to B-cell switching to production of 
IgE instead of IgG. This polyclonal increase in IgE 
would not be detected by multiallergen testing. Fur- 
thermore, they note that mast cells and basophils may 
constitute a source of IL-4 throughout life. Galli!? 
suggests that the function of mast cells may be to 
initiate and orchestrate an early host response to mi- 
crobial infection that in the context of immune acti- 
vation equips the mast cell to function as a strategi- 
cally located, highly reactive, and potent effector cell 
against invading pathogens. Umetsu and DeKruyff?° 
suggest that it is likely that allergic individuals pro- 
duce Th2 cytokines against many encountered anti- 
gens, including infectious agents, as well as allergens. 


In summary, I identify a substantial number of in- 
dividuals with chronic sinusitis who manifest numer- 
ous IgE-positive mast cells in the sinus mucosa. 
Many of these cases, particularly those associated 
with asthma, have an IgE origin through an atopic, 
allergen-driven, HLA-D encoded sequence of IgE 
formation. In non-allergic cases, significant amounts 
of mast cell-bound antibody identified in sinus mu- 
cosa mast cells may originate from previously com- 
mitted plasma cell-generated IgG antibody against 
microbial organisms now re-emergent as IgE. I con- 
sider the IgE-positive mast cells in sinus mucosa to 
reflect a variety of antigenic experience, including 
allergens and infectious agents. 
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MANAGEMENT ISSUES 
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Ludwig's angina, although uncommon, remains a potentially life-threatening condition because of the risk of impending airway 
obstruction. Effective treatment is based on early recognition of the clinical process, with the appropriate use of parenteral antibiot- 
ics, airway protection techniques, and formal surgical drainage of the infection. We present a case of Ludwig's angina together with 


a brief review of the relevant literature. 


KEY WORDS — drainage, Ludwig's angina, tracheotomy. 


INTRODUCTION 


Ludwig's angina is a potentially lethal, rapidly 
spreading cellulitis involving the submandibular, sub- 
Jingual, and submental spaces. It often originates from 
an odontogenic infection. Despite a significant drop 
in the mortality rate from Ludwig's angina since the 
preantibiotic era, this condition remains a therapeu- 
tic emergency because of its inherent life-threaten- 
ing complication of airway obstruction. Airway pro- 
tection and aggressive antimicrobial therapy, insti- 
tuted early, have improved outcomes. However, with 
established infection, control of local sepsis with ade- 
quate surgical drainage is essential. 


We report a case of a previously healthy adoles- 
cent male with acute airway obstruction associated 
with Ludwig's angina that required tracheotomy and 
formal surgical drainage of the infection. The latter 
was finally achieved after extraction of carious teeth. 


CASE REPORT 


A 15-year-old boy presented to a provincial hos- 
pital with a 3-day history of fever and malaise ac- 
companied by pain and swelling in his left subman- 
dibular zone. He complained of inability to open his 
mouth and of marked dysphagia. He had no signifi- 
cant medical comorbidity, was previously otherwise 
healthy, and denied any recent dental extraction or 
orofacial trauma. Upon admission, the patient was 
found to be in acute respiratory distress with a com- 
promised airway from soft tissue edema. 


He was subsequently intubated with great difficul- 
ty, at which time the larynx was noted to be consid- 
erably distorted in appearance, although not dramati- 


cally erythematous or edematous. A regimen of intra- 
venous antibiotics was started, consisting of penicil- 
lin G (1.2 g every 4 hours), floxacillin (2 g every 4 
hours), and metronidazole (500 mg every 8 hours). 
Microbiological culture identified a group G B-hemo- 
lytic Streptococcus as the primary pathogenic organ- 
ism. In spite of these therapeutic measures, the pa- 
tient's condition did not improve, and the edema of 
his neck and face worsened. He was transferred to 
St Vincent's Hospital for further management. 


On arrival at our institution, the patient was septic 
(temperature, 38.1?C), with a tachycardia (110 beats 
per minute), and had a blood pressure of 115/50 mm 
Hg. He had an endotracheal tube 1n situ. Clinical 
examination demonstrated indurated, tender, erythe- 
matous swelling extensively involving the left sub- 
mandibular space and extending inferiorly to the level 
of the hyoid bone. Severe trismus was recorded. A 
diagnosis of Ludwig's angina was made. 


Duplex studies of the neck demonstrated diffuse 
softtissue swelling and increased vascularity through- 
out the entire left side; 3 small abscesses were iden- 
tified in the patient's left parotid gland. Computed 
tomography (CT) of the neck revealed extensive sub- 
mandibular inflammation with extension both supe- 
riorly and inferiorly, together with loss of associated 
fat planes (see Figure). 


The patient proceeded to surgical drainage with a 
deep incision in the submandibular triangle, through 
the mylohyoid muscle and into the sublingual region. 
However, despite the combination of high-dose anti- 
biotics, apparently adequate neck incision, and drain- 
age of parotid abscesses, sepsis persisted with little 
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Computed tomographic scans of neck. A) Extensive submandibular inflammation and edema (long arrow) and 
associated airway compression are seen. Increased fascial streaking and compression of planes adjacent to left 
submandibular region are noted (broad arrow) as compared to right side of neck. B) At lower level than A. 
Extensive edema of left submandibular region is noted, extending inferiorly (long arrow) and displacing trachea 
to right (broad arrow). 


clinical improvement. The patient was referred to the 
head and neck unit, where significantly carious lower 
left molars, mandibular percussion tenderness, a 
swollen alveolar margin, and a grossly edematous 
tongue were noted. Radiographic studies confirmed 
periodontal abscesses of the second and third lower 
left molar teeth. Only subsequent extraction of the 2 
carious teeth and drainage of the associated periodon- 
tal abscesses resulted in ultimate resolution of the 
problem. A tracheotomy was performed to facilitate 
removal of the endotracheal tube, provide a secure 
definitive airway, and minimize laryngeal trauma. 


There were no significant perioperative complica- 
tions. The patient made an uneventful postoperative 
recovery, during which time the infection completely 
resolved. 


DISCUSSION 


Ludwig's angina most commonly originates from 
an odontogenic infection, classically located in the 
second and third lower molar teeth.! The apices of 
these teeth, in particular, are located just below the 
mylohyoid ridges, and are therefore in close anatomic 
proximity to the submandibular space. In the event 
of an infection of these molars, subsequent perfora- 
tion of the lingual plate of the mandible will allow 
rapid direct spread of the septic process into the sub- 
mandibular, sublingual, and submental tissue 
spaces,! with resultant clinical presentation as Lud- 
WIg's angina. 


Although odontogenic infection is often the cause, 
accounting for more than 70% of cases,^ a number 
of less common foci of infection have been reported 
as initiating Ludwig's angina, including quinsy,*> 
sialadenitis,° epiglottitis, and an infected thyroglos- 
sal cyst. Ludwig's angina can also follow posttrau- 
matic infection resulting from a compound fracture 
of the mandible, a penetrating injury to the floor of 
the mouth, or even trauma from endotracheal intuba- 
tion or bronchoscopy.?2577 

The majority of cases occur in previously healthy 
individuals.9* However, certain underlying condi- 
tions may predispose patients to severe periodontal 
infection, including diabetes mellitus, neutropenia, 
aplastic anemia, and glomerulonephritis.!-2-^-7 Other 
authors have documented an increased susceptibil- 
ity to Ludwig's angina in the setting of immunodefi- 
ciency; ^19 


Patients classically present with tooth pain, a his- 
tory of recent dental extraction or poor dental hy- 
giene, dysphagia and odynophagia, upper neck pain 
and swelling, and dysphonia and/or dysarthria.?-5.6.5 
The findings on physical examination are generally 
commensurate with those of an aggressive gangre- 
nous cellulitis, and usually comprise fever, tachycar- 
dia, brawny induration and swelling of a tender sub- 
mandibular space, and an elevated, protruding 
tongue. ^5? Trismus is often present and indicates 
direct irritation of the masticatory muscles.!! Dysp- 
nea, tachypnea, inspiratory stridor, and cyanosis are 
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signs of impending airway obstruction secondary to 
progressive supraglottic edema, and herald a medi- 
cal emergency.!* Acute laryngospasm secondary to 
aspiration, supine positioning of the patient, or at- 
tempted endotracheal intubation can precipitate the 
rapid onset of complete upper airway obstruction.}3 


The majority of patients with Ludwig's angina 
have mixed polymicrobial infections. The organisms 
most frequently responsible for the septic process are 
streptococci and staphylococci. Symbiotic infection 
with anaerobes is now known to be more significant 
than was previously appreciated.?46.11.14-17 A host of 
other bacteria may contribute to the infection, includ- 
ing various gram-negative rods!3.!5.16 and other, more 
unusual organisms.!? 


Relatively unrestrained by anatomic barriers, in- 
fection in the floor of the mouth can spread readily 
to involve other tissues in the neck, the retropharyn- 
geal fascial space, and, rarely, the mediastinum or sub- 
phrenic space. The reported complications of Lud- 
Wig’s angina, in addition to airway compromise, in- 
clude mediastinitis, subphrenic abscess formation, 
pericardial and/or pleural effusion, empyema, osteo- 
myelitis of the mandible, infection of the carotid 
sheath and possible rupture of the carotid artery, and 


suppurative thrombophlebitis of the internal jugular 
vein. 7:11,13,16,17 


The initial assessment and treatment of Ludwig’s 
angina is based primarily on clinical grounds, given 
the risk of airway obstruction that may occur with 
delayed investigation and therapy. A number of im- 
aging methods are nevertheless useful in helping to 
define the severity of the infection. Plain radiographs 
of the neck and chest may demonstrate the extent of 
soft tissue swelling, as well as reveal gas in the tis- 
sues, particularly in the setting of anaerobic infec- 
tion).!-6.8 Plain chest radiography can also be used 
to look for intrathoracic extension of the infective 
process. Ultrasonography may highlight collections 
of pus, as well as reveal metastatic abscess forma- 
tion. Computed tomography and magnetic resonance 
imaging may also be indicated, to confirm the pres- 
ence of airway edema and to identify and localize 
any mediastinal fluid collections.!? 


Airway maintenance remains the most important 
immediate therapeutic goal in the management of 
Ludwig’s angina. Airway obstruction as a result of 
swelling of the suprahyoid tissues and edema of the 
supraglottic larynx may be life-threatening. The most 
appropriate means of airway management deserves 
discussion, with tracheotomy favored when protracted 
soft tissue edema is anticipated.!-.6.13.15 Endotracheal 
intubation is difficult in these patients, and direct lar- 
yngoscopy may actually precipitate acute airway col- 


lapse.!3.15 The use of flexible fiberoptic endoscopy 
has facilitated the intubation of patients with diffi- 
cult access.®:!9 In the emergency setting of severe 
swelling and trismus, in which intubation is not a 
viable option, formal tracheotomy remains the best 


solution to providing the patient with a definitive air- 
way. },2,6,8,13,15,19 


Aggressive intravenous antibiotic administration 
is a cornerstone of therapy. The initial antibiotic cover 
is empiric, primarily targeted at gram-positive cocci, 
with penicillin the drug of choice.25:97.1,15 Anaero- 
bic cover should also be provided. Metronidazole is 
recommended because of the increasing emergence 
of penicillin-resistant strains of Bacteroides spe- 
cies.!9.!1 An empiric combination of clindamycin, 
penicillin, and metronidazole is commonly recom- 
mended. Once bacteriologic studies have identified 
the specific pathogenic organisms responsible, the 
antibiotic therapy is adjusted accordingly. 


Formal surgical drainage is indicated as an early 
procedure in the setting of suppurative infection. Ab- 
solute indications include fluctuance, crepitus, soft 
tissue air, and the presence of a purulent needle aspi- 
rate, 95.5 with a low threshold for routine incision 
and drainage in all severe soft tissue infections of 
the oropharynx.? 


An incision is generally made parallel and 2 fin- 
gerbreadths inferior to the angle of the mandible. The 
location and size of the initial incision will depend 
on the specific anatomic spaces involved by the infec- 
tion and, in severe cases, may need to extend to the 
midline below the chin. Multiple incisions may even 
be required. The superficial lobe of the submandibu- 
lar gland is displaced, and the mylohyoid muscles 
are then divided to decompress the closed fascial 
spaces involved in the septic process. Blunt dissection 
should be carried out to completely explore the in- 
volved fascial compartments and to break up all locu- 
lations of suppurative material. Drains should be in- 
serted into the fascial compartments to prevent reac- 
cumulation of necrotic debris and pus. The goal of 
surgical drainage in this setting is thus twofold: the 
evacuation of pus, and decompression of all closed 
fascial spaces of the neck. If an infected tooth is pres- 
ent, it must be extracted to ensure complete drain- 
age. 


The described case demonstrates a number of the 
salient features of Ludwig’s angina with respect to 
its causation and clinical presentation, highlighting 
the potentially fatal complication of airway obstruc- 
tion. Formal surgical drainage to decompress all deep 
spaces (including, in our case, removal of carious low- 
er molars) is essential to a successful outcome from 
Ludwig’s angina. 
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EFFECT OF MACROLIDES ON THE EXPRESSION OF HLA-DR AND 
COSTIMULATORY MOLECULES ON ANTIGEN-PRESENTING CELLS IN 
NASAL POLYPS | 
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To clarify the basis of macrolide therapy for improvement of chronic sinusitis, we investigated the effect of macrolides on the 
expression of HLA-DR and costimulatory molecules such as CD54 and CD80 on macrophages in nasal polyps. Nasal polyps taken 
from 54 patients who had or had not been treated with macrolides were immunohistochemically studied. The percentages of CD68- 
positive macrophages expressing HLA-DR or CD54 were not significantly different between patients treated with macrolides and 
those not treated with macrolides. However, among patients exhibiting no atopic predisposition, the number of CD80-positive mac- 
rophages was higher in patients treated with macrolides than in those not treated. In addition, the percentage of CD80-positive 
macrophages was negatively correlated with the percentage of infiltrating eosinophils in the polyps. These results demonstrate that 
macrophages act as antigen-presenting cells, expressing both major histocompatibility complex II and costimulators, and that the 
expression of CD80 may play a key role in the immune responses occurring in a nasal polyp. Macrolides may modulate the mucosal 
immune responses through CD80 expression. 


KEY WORDS — atopic predisposition, CD54, CD80, costimulatory molecule, HLA-DR, macrolide, macrophage, nasal polyp. 


INTRODUCTION 


Nasal polyps are usually associated with chronic 
sinusitis or allergic diseases such as allergic rhinitis 
and bronchial asthma, and the pathological features 
of nasal polyps vary significantly among individual 
cases. The mucosal surface of the nose and paranasal 
sinuses is continuously exposed to foreign bodies 
and, hence, is an important site of immunologic ac- 
tivity. Therefore, the pathogenesis and generation of 
nasal polyps may be closely related to the mucosal 
immune responses of each individual. 


Immune responses against foreign bodies are ini- 
tiated with the presentation of the antigen to T lym- 
phocytes by antigen-presenting cells (APCs). Recent 
studies have shown that the proliferation of T cells 
requires recognition of the antigen/major histocom- 
patibility complex (MHC) by a T cell receptor (TCR), 
as well as the delivery of other nonspecific costim- 
ulatory signals via molecules expressed on the sur- 
faces of the APCs.'? The costimulatory signals can 
be provided efficiently by costimulatory molecules 
such as CD54 (intercellular adhesion molecule-1; 
ICAM-1), CD80 (B7-1), and CD86 (B7-2). Activa- 
tion of T cells only by the main signal in the absence 
of costimulatory signals would result in T cell unre- 
sponsiveness or anergy. 


The mucosal immune response in the nasal and 


paranasal mucosa is still a controversial issue. In the 
nasal mucosa, Yoshimi et al^ demonstrated that mac- 
rophages expressing HLA-DR, one of the MHC-II 
antigens, play the role of APCs and are responsible 
for the immune response under both normal and dis- 
eased conditions. In the paranasal mucosa and nasal 
polyps, however, there have been few studies con- 
cerning the APCs. 


Macrolide therapy, that is, low-dose, long-term ad- 
ministration of 14-membered lactone ring macrolides, 
has recently been reported to be very effective for 
patients with chronic upper respiratory tract infec- 
tions. Macrolide therapy was first reported by Kudoh 
et al? They demonstrated a significant effect of ery- 
thromycin in patients with diffuse panbronchiolitis. 
Subsequently, the efficacy of macrolide therapy for 
patients with sinobronchial syndrome, chronic sinusi- 
tis, and otitis media with effusion has also been re- 
ported.® It is generally accepted that the effective- 
ness of macrolide therapy for chronic sinusitis ts lim- 
ited when patients have nasal polyposis, because the 
ostiomeatal complex is usually obstructed by the pol- 
yps, which prevent ventilation and drainage of the 
paranasal sinuses. However, in patients who receive 
macrolides, the size of nasal polyps is often reduced, 
and in addition, the inflammation of the paranasal si- 
nus mucosa is decreased, and consequently, only min- 
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EFFICACY OF MACROLIDES IN 41 PATIENTS WHO 
RECEIVED RXM OR CAM BEFORE ENDOSCOPIC 


NASAL SURGERY 
Efficacy Rate* 
Drug No. % 
Nonatopic RXM 7/10 70 
CAM 7/12 58 
Atopic RXM 5/12 42 
CAM 3/7 43 


RXM -— roxithromycin, CAM — clarithromycin. 
*Number of patients with excellent or good response per total num- 
ber of patients. 


imal bleeding occurs at the time of endoscopic nasal 
surgery. The effectiveness of macrolides on chronic 
respiratory infections 1s not due to an antimicrobial 
effect, but is attributable to anti-inflammatory effects 
or their regulation of immune response.? In this study, 
we identified APCs in nasal polyps and investigated 
the effect of macrolides on the expression of HLA- 
DR and costimulatory molecules on macrophages in 
the nasal polyps of patients with and without atopic 
predisposition. We demonstrated that the macro- 
phages expressed both HLA-DR and costimulatory 
molecules, and that the polyps from patients who un- 
derwent macrolide therapy exhibited a higher rate of 
expression of the CD80 costimulatory molecule. 


PATIENTS AND METHODS 


Study Subjects. Nasal polyps taken from 54 pa- 
tients (11 female and 43 male, 6 to 71 years old) were 
included in this study. Most of the patients had a his- 
tory of nasal congestion and rhinorrhea, and had a 
diagnosis of chronic sinusitis that was made by rhi- 
noscopy and computed tomography (CT) of the nose 
and paranasal sinuses. None of the patients had un- 
dergone a Caldwell-Luc operation. The allergic pre- 
disposition of the patients was determined on the ba- 
sis of their radioallergosorbent test score, their se- 
rum IgE level, and the results of a skin test. Twenty- 
eight patients showed no predisposition to allergy 
(nonatopic group). Twenty-six patients had an aller- 
gic predisposition with positive results on at least 2 
of the 3 tests described above (atopic group). Among 
them, 19 had perennial and/or seasonal nasal allergy 
without bronchial asthma. Seven patients were found 
by pulmonologists to have bronchial asthma. Patients 
with nonatopic bronchial asthma and those adminis- 
tered systemic or topical steroids within the 2 weeks 
prior to the endoscopic nasal surgery were excluded 
from the study. Forty-one patients (22 patients in the 
nonatopic group and 19 patients in the atopic group) 
had received low-dose macrolides — 150 mg/d of 
roxithromycin (RXM) or 200 mg/d of clarithromycin 
(CAM) — before the endoscopic nasal surgery; the 
period of administration ranged from 1 month to 1 
year 6 months. In the nonatopic group, 10 patients 


received RXM, and 12 received CAM. In the atopic 
group, 14 patients were given RXM and 5 were given 
CAM. The efficacy of the macrolides was judged by 
5 items of subjective symptoms (hyperrhinorrhea, na- 
sal congestion, postnasal drip, headache, and olfac- 
tory disturbance), 4 items of rhinoscopic findings (in- 
jection and edema of the nasal mucosa, amount and 
character of rhinorrhea), and the findings of a CT 
scan of the nose and paranasal sinuses. One point 
was given for each item that improved after the ad- 
ministration of macrolides. A total score of 8 or more 
was regarded as excellent, a score of 7, 6, or 5 as 
good, a score of 4, 3, or 2 as fair, and a score of 1 or 
0 as poor. The efficacy rate in each group is shown 
in the Table. 


As controls, samples of the nasal mucosa of the 
inferior turbinate were obtained from 9 patients who 
had neither chronic sinusitis nor allergic diseases, 
including nasal allergy and bronchial asthma. 


Tissue Preparation. The surgically resected pol- 
yps were immediately fixed in periodate—lysine—2% 
paraformaldehyde solution. They were immersed in 
a graded series of sucrose in phosphate-buffered sa- 
line solution, embedded in OCT compound (Sakura, 
Tokyo, Japan), and snap-frozen. The frozen samples 
were stored at —70?C until they were used. Cryosec- 
tions of 6- to 8-um thickness were prepared. 


Immune Reagents. Mouse monoclonal antibodies 
were used for CD68 (DAKO, Glostrup, Denmark; a 
marker of macrophages), HLA-DR (DAKO; an MHC- 
ID, CD54(DAKO; ICAM-1 as a costimulatory mole- 
cule), and CD80 (Immunotech, Marseille, France; B7- 
l asa costimulatory molecule). The antibodies were 
appropriately diluted in 0.01-mol/ L phosphate-buf- 
fered saline solution (pH 7.4) containing bovine se- 
rum albumin and used for immunohistochemical dou- 
ble staining. 


Immunohistochemistry. To examine the distribu- 
tion of HLA-DR and the costimulatory molecules on 
the macrophages in the nasal polyp specimens, an 
immunohistochemical double-staining method using 
a labeled streptavidin biotin kit (LSAB kit; DAKO) 
was used. Briefly, after blocking of endogenous per- 
oxidases in 3% hydrogen peroxide and blocking with 
normal bovine IgG, the frozen sections were treated 
with one of the primary monoclonal antibodies. Each 
of these sections was incubated with a secondary anti- 
body, biotinylated goat anti-mouse IgG, followed by 
a horseradish peroxidase (HRP)-labeled streptavidin 
complex, and stained with 3-amino-9-ethylcarbazole. 
After washing the sections in 0.1-mol/L glycine in 
hydrochloric acid solution (pH 2.2), we treated the 
sections further with another primary monoclonal an- 
tibody. Each of these sections was again incubated 
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Fig 1. Immunohistochemical double-staining of na- 
sal polyps. A) Antibodies against CD68 and HLA- 
DR. Some brown-stained CD68-positive cells con- 
comitantly express HLA-DR (blue) on surface of 
cells in submucosa. B) Antibodies against CD68 
and CD54. Expression of CD54 (red-brown) is 
seen on surface of blue-stained CD68-positive 
cells. C) Antibodies against CD68 and CD80. Ex- 
pression of CD80 (red-brown) is seen on surface 
of blue-stained CD68-positive cells. 


with biotinylated goat anti-mouse IgG, then incu- 
bated with an HRP-labeled streptavidin complex, and 
then stained with 4-chloro-1-naphthol hydrogen per- 
oxide. 


Evaluation. The sections were coded and evalu- 
ated independently by 2 individuals using a conven- 
tional light microscope at lower and higher magnifi- 
cations, and the immunohistochemically stained cells 
in the submucosal layer were observed. We counted 
at least 200 CD68-positive cells, and among these, 
the number of cells that were also positive for HLA- 
DR, CD54, or CD80 were counted. Then, the ratio 
of the number of double-stained cells to that of cells 
positive for CD68 was calculated. 


Simultaneously, the specimens were fixed in for- 
malin, and the paraffin-embedded sections were pre- 
pared and stained with hematoxylin and eosin. The 
number of inflammatory cells infiltrating the submu- 
cosa was counted in 5 fields at 200x magnification, 
and the ratio of each cell type, including lymphocytes, 
plasma cells, neutrophils, and eosinophils, to the to- 
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tal number of inflammatory cells was determined. 


Statistical analysis was carried out with an unpaired 
Student's t-test or Welch's t-test. Two-tailed p val- 
ues of less than .05 were considered significant. 


RESULTS 


Immunohistochemically Double-Stained Cells in 
Submucosa of Nasal Polyps. CD68-positive cells 
were observed in the submucosal layers in the nor- 
mal nasal mucosa, as well as in the nasal polyps ex- 
amined. A positive reaction was observed within the 
cytoplasm of the cells. Two types of CD68-positive 
cells were identified: one round, and the other large 
and dendritic. 


Positive staining for HLA-DR was observed on 
the surface of some of the CD68-positive cells, and 
such cells were mostly large and irregularly shaped. 
They were noted in the submucosal layer, as well as 
within the epithelium. A relatively large number of 
cells double-stained for CD68 and HLA-DR were 
identified (Fig 1A). 
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Figure I B shows a nasal polyp immunohistochem- 
ically double-stained for CD68 and the costimulatory 
molecule CD54. Numerous CD54-positive cells were 
present in the submucosal layer. In addition, some 
basal cells of the ciliated epithelium, as well as the 
endothelial cells of the blood vessels, showed a posi- 
tive reaction for CD54. Some of the CD68-positive 
cells were also positive for CD54. 


Figure IC shows a nasal polyp stained for both 
CD68 and CD80. Double-positive cells were ob- 
served in the submucosa, but the number of CD80- 
positive cells among the CD68-positive cells was low 
compared with those also positive for HLA-DR or 
CD54 in both the normal nasal mucosa and the nasal 
polyps. 

HLA-DR Expression on CD68-Positive Cells in 
Nasal Polyp Specimens. The percentages of cells that 
were positive for both CD68 and HLA-DR in each 
group are shown in Fig 2A. In the normal nasal mu- 
cosa, approximately two thirds of CD68-positive cells 
simultaneously expressed HLA-DR. However, in the 
nasal polyps resected from patients, only 30% to 40% 
of the CD68-positive cells also expressed HLA-DR. 
Treatment with macrolides did not influence the per- 
centage of HLA-DR-positive cells relative to the 
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Fig 2. Expression of HLA-DR and costimulatory molecules on 
CD68-positive cells in nasal polyps. Open bar represents mean 
+ SD of percentages in patients who did not have macrolide 
therapy, and closed bar represents mean + SD of percentages in 
patients who had macrolide therapy. Numbers of patients are in 
parentheses. N.S. — not significant. A) Percentages of cells 
that were positive for both CD68 and HLA-DR relative to total 
number of CD68-positive cells. B) Percentages of cells that were 
positive for both CD68 and CD54 relative to total number of 
CD68-positive cells. C) Percentages of cells that were positive 
for both CD68 and CD80 relative to total number of CD68- 
positive cells. 
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number of CD68-positive cells, either in the nonatop- 
ic group or in the atopic group. 


CD54 Expression on CD68-Positive Cells in Na- 
sal Polyp Specimens. The percentages of cells that 
were positive for both CD68 and CD54 in each group 
are shown in Fig 2B. The number of CD54-positive 
cells was higher in the nasal polyp specimens than 
in specimens of the normal nasal mucosa. In the atop- 
ic patients, after the administration of macrolides, 
the percentage of CD54-positive cells was reduced, 
but the decrease was not statistically significant. 


CD60 Expression on CD68-Positive Cells in Na- 
sal Polyp Specimens. The percentages of cells that 
were positive for both CD68 and CD80 in each group 
are shown in Fig 2C. The number of CD80-positive 
cells in the nasal polyp specimens was relatively 
small compared with that in the normal nasal mu- 
cosa. However, the expression of CD80 was signifi- 
cantly increased in the case of nonatopic patients who 
received macrolides (p « .05). On the other hand, in 
the case of atopic patients, macrolides had no effect 
on the expression of CD80 on cells in nasal polyps. 


Histologic Characteristics of Nasal Polyps and Ex- 
pression of HLA-DR and Costimulatory Molecules 
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Fig 3. Correlation between percentage of CD80-positive 
cells in CD68-positive cells and percentage of eosino- 
phils relative to total number of infiltrating cells in nasal 
polyps. Line indicates simple regression curve: y = 7.254 
— 0.094x; R? = .112; p < .05. 


on Macrophages. The composition of the cellular in- 
filtrate in the submucosa varied significantly among 
patients. Lymphocytes, plasma cells, and macro- 
phages were observed in all the patients. On the other 
hand, eosinophils and neutrophils were not consis- 
tently detected in the submucosa. In some patients, 
however, large numbers of eosinophils and neutro- 
phils were observed. The percentages of eosinophils 
and neutrophils in the total number of infiltrating cells 
ranged between 0% and 90% (mean + SD, 20.1% + 
25.8%) and 0% and 71% (mean + SD, 10.1% + 
14.2%), respectively. 


The correlation between the percentage of lym- 
phocytes, plasma cells, or neutrophils in the submu- 
cosa and the expression levels of the HLA-DR and 
costimulatory molecules was investigated, but no sig- 
nificant correlation was noted. However, in the case 
of eosinophils, the expression of CD80 on CD68- 
positive macrophages and the percentage of eosino- 
phils in relation to the total number of infiltrating 
cells were significantly negatively correlated with 
each other (p < .05; Fig 3). 


DISCUSSION 


Nasal polyps usually arise from the paranasal si- 
nuses in patients with chronic infectious or allergic 
inflammation, and cause nasal obstruction. Chronic 
inflammatory responses within the mucosa of the 
paranasal sinuses may be closely related to the de- 
velopment of nasal polyps. However, the pathophysi- 
ological mechanisms underlying this benign tissue 
proliferation have not yet been determined in detail. 
The mucosal immune response is primarily a self- 
defense against foreign antigens. However, the im- 
mune response may also be responsible for perpetu- 
ating inflammation by promoting excessive produc- 
tion of inflammatory mediators. 


One of the most critical events in the initiation of 
the immune response is the activation of T helper 
(Th) cells by APCs. The activated Th cells produce 
cytokines and express receptors for these cytokines, 
thereby promoting Th cell proliferation. In the nasal 
mucosa, Yoshimi et al^ reported that macrophages 
expressing HLA-DR, one of the MHC-II antigens, 
may act as the APCs. However, in the paranasal mu- 
cosa and nasal polyps, the presence of APCs has not 
been confirmed. Stoop et al? showed that many HLA- 
DR-positive cells were present in the epithelium and 
submucosa of nasal polyps and in the mucosa of the 
middle turbinates, suggesting that these cells may 
be B-lymphocytes, activated T cells, and activated 
macrophages. The expression of MHC-II molecules 
is primarily limited to "professional" APCs such as 
macrophages, dendritic cells, and B cells. For effec- 
tive T lymphocyte activation, MHC-II presentation 
(signal 1) along with costimulatory signals (signal 
2) is required. The present study, using an immuno- 
histochemical double-staining technique, demon- 
strated for the first time that one of the APCs in na- 
sal polyps 1s a CD68-positive macrophage express- 
ing both an MHC-II (HLA-DR) and costimulators 
(CD54 and CD80). 


Fourteen-membered lactone ring macrolides such 
as erythromycin, RXM, and CAM have been reported 
to be very effective for patients with sinobronchial 
syndrome and chronic sinusitis,9$ and low-dose, long- 
term administration of macrolides (macrolide ther- 
apy) is now the therapy of first choice for the treat- 
ment of chronic sinusitis in Japan. In the present 
study, 41 patients received macrolides before endo- 
scopic nasal surgery, and the efficacy rate was rela- 
tively high in the nonatopic group. The efficacy was 
not significantly different between the patients who 
received CAM and those who received RXM. Al- 
though little is known about the real mechanism un- 
derlying the clinical efficacy, the effectiveness of 
macrolides in chronic sinusitis may be related not to 
their antimicrobial actions, but to their anti-inflam- 
matory or immunoregulatory actions.? Studies have 
demonstrated that the macrolides exhibit various bio- 
logical and immunologic effects on immunocompe- 
tent cells such as macrophages, lymphocytes, and neu- 
trophils, and also on respiratory epithelial cells, fi- 
broblasts, endothelial cells, and glandular cells.19-14 
The effects on immunocompetent cells include sup- 
pression or enhancement of cytokine production, pro- 
liferative activities, and chemotactic activities. 10-14 


In our previous immunohistochemical study, we 
reported that in the nasal polyps of patients who un- 
derwent macrohde therapy, the number of CD4-posi- 
tive cells was decreased compared with that in pa- 
tients who did not undergo the therapy. However, the 
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fact that the number of HLA-DR-positive cells was 
not significantly different between the two groups 
indicates that the macrolides may modulate the APC— 
T cell interaction. Therefore, we investigated the ex- 
pression of HLA-DR and costimulatory molecules 
on macrophages, one of the candidate APCs in nasal 


polyps. 


Some examples of the costimulatory molecules ex- 
pressed on APCs are CD54 (ICAM-1), CD80 (B7- 
1), CD86 (B7-2), vascular cell adhesion molecule-1 
(VCAM-1), and CD58 (lymphocyte function-asso- 
ciated antigen—3; LFA-3). The corresponding recep- 
tors expressed on T cells are LFA-1, CD28, cytolytic 
T-lymphocyte—associated receptor (CTLA-4), and 
CD2. The presence of signal 1, in the absence of co- 
stimulatory signals, results in, instead of T-cell acti- 
vation, án unresponsive state termed clonal anergy. 


In the present study, we divided the patients into 2 
groups according to the presence or absence of al- 
lergic predisposition, because there have been some 
reports that the cytokine profiles in nasal polyps were 
significantly different in atopic and nonatopic pa- 
tients. Th lymphocytes have been categorized into 2 
major functional phenotypes, Thl and Th2, which 
produce distinct arrays of cytokines and are both 
thought to arise from a pluripotential precursor cell 
termed ThO. Type I allergy, the atopic type, is con- 
sidered to be the result of Th2-dominant activation. 


The present study demonstrated that large num- 
bers of macrophages proliferating in the submucosa 
of the nasal polyps expressed HLA-DR. However, 
the number of HLA-DR-positive cells in the nasal 
polyps was lower than that in the normal inferior tur- 
binate mucosa. Tissue macrophages are usually di- 
vided into 2 types based on the main role in tissues: 
the antigen-presenting macrophage and the phagocy- 
totic one.16.17 In nasal polyps, some macrophages may 
play a phagocytotic role rather than be involved in 
immune responses upon exposure to foreign bodies. 
In addition, macrolides had little effect on the expres- 
sion of HLA-DR on macrophages. 


It is generally accepted that in inflammation, 
expression of adhesion molecules such as CD54, 
VCAM-1, and E-selectin on endothelial cells is in- 
creased for the recruitment of leukocytes. Consis- 
tent with this notion, a large number of CD54-posi- 
tive cells on macrophages was observed in the nasal 
polyps compared with that in the control turbinates. 
It has been reported that CD54 and VCAM-1 act on 
APCS as costimulators to activate resting T cells in 
the early stages of the immune response.18.1? Con- 
cerning the effect of macrolides on the expression of 
adhesion molecules, in vitro and in vivo studies have 
shown that the expression of ICAM-1 and E-selectin 


on endothelial cells or neutrophils was suppressed 
after the administration of macrolides.202! However, 
the present study revealed that the expression level 
of CD54 on the macrophages in nasal polyps was 
similar in patients who had and patients who had not 
undergone macrolide therapy. Therefore, the effect 
of macrolides may vary significantly, depending on 
the target cells. 


CD80 is a costimulatory molecule in restimulat- 
ing activated T cells in the late stage of the immune 
response.?? The present study demonstrated that the 
number of macrophages expressing CD80 was rela- 
tively small. However, in nasal polyps from nonatop- 
ic patients, the number of CD80-positive macro- 
phages was significantly higher in patients who had 
undergone macrolide therapy than in those who had 
not undergone the therapy. The mechanism underly- 
ing the increased expression of CD80 is not known. 
A clinical study showed that macrolide therapy is 
effective for patients with infectious sinusitis rather 
than allergic sinusitis.23 The present study also ex- 
hibited that the efficacy rate of the macrolide therapy 
was higher in the nonatopic patients than in the atopic 
patients. Therefore, the increase in CD80 expression 
following macrolide therapy may be closely related 
to its clinical efficacy against nonallergic sinusitis. 
One study showed that in the absence of CD80-CD28 
interaction, clonal anergy is induced characteristical- 
ly in Th1 clones that normally produce interleukin 
(IL)—2 and interferon-y, whereas Th2 clones prolif- 
erate even in the absence of CD80 expression on 
APCs.?4 In other words, ThO clones can differentiate 
into Th2 clones to produce cytokines such as IL-4, 
IL-5, and IL-10 without signals from a CD80-CD28 
interaction. These results suggest that HLA-DR and 
CD54 are always involved at the site of mucosal im- 
mune response in nasal polyps, but the subsequent 
immune reactions and immune response characteris- 
tics may be controlled by CD80 expression. Macro- 
lides may normalize the Th1-Th2 balance and reduce 
the inflammation under the nonatopic condition, con- 
trolling the expression of CD80 on the APCs. 


The activation of eosinophils and release of eosin- 
ophil granule mediators in the airway mucosa is an 
essential process in respiratory inflammations such 
as bronchial asthma, allergic rhinitis, and nasal pol- 
yps. Although eosinophils are proinflammatory cells 
that normally reside in the circulation, they are in- 
duced to extravasate into tissue by a diverse array of 
chemoattractants and viability-enhancing factors. 
These include eotaxins, granulocyte-macrophage col- 
ony-stimulating factors, IL-2, IL-5, RANTES (“regu- 
lated on activation, normal T cells expressed and se- 
creted"), monocyte chemotactic peptides, and so on, 
which are produced by various inflammatory cells, 
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epithelial cells, and fibroblasts. Therefore, eosinophil- 
ic infiltration does not always result from IgE-medi- 
ated hypersensitivity. One investigation?? suggests 
that the eosinophil is the major cell type that synthe- 
sizes transforming growth factors and induces nasal 
polyposis. It has been shown that IL-5 plays an im- 
portant role in the pathophysiology of eosinophilic 
nasal polyps, as a high concentration of IL-5 was 
also detected in nasal polyps from both allergic and 
nonallergic patients.?6 However, the extent of infil- 





tration by eosinophils varies significantly among in- 
dividuals. In the present study, eosinophilic infiltra- 
tion was sparse in about one third of the polyps ex- 
amined. We also showed that CD80 expression on 
macrophages and eosinophilic infiltration were nega- 
tively correlated. Therefore, the costimulatory signal 
of CD80 in nasal polyps may play a key role in the 
mucosal inflammatory response of nasal polyps, and 
macrolides may modulate the CD80 expression on 
APCs. 
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HISTOPATHOLOGY OF SUBMANDIBULAR GLANDS REMOVED FOR 


SIALOLITHIASIS 
FRANCIS MARCHAL, MD ANNE-MARIE KURT, MD PAVEL DULGUEROV, MD 
MINERVA BECKER, MD MICHAELA OEDMAN, BS WILLY LEHMANN, MD 


GENEVA, SWITZERLAND 


We reviewed tbe clinical history of 48 consecutive patients who underwent submandibular gland removal for radiologically 
proven sialolithiasis. The specimens were examined by a pathologist blinded to the clinical data. A histopathologic classification into 
] of 3 grades was established by evaluating the degrees of atrophy, fibrosis, and inflammation. A correlation between the clinical and 
pathological variables was sought in order to define clinical variables that would predict abnormal submandibular glands that re- 
quired extirpation. A significant percentage of the submandibular glands exhibited normal histologic findings. The patients with 
normal submandibular glands had a clinical evolution similar to that of other patients with severely damaged glands. The only 
clinical variable that correlated with increased histopathologic alteration was the patient's age. In view of the newly available diag- 
nostic and therapeutic techniques for sialolithiasis, a conservative attitude to submandibular gland resection appears justified. 


KEY WORDS — classification, correlation, pathology; salivary gland, sialolithiasis, surgery. 


INTRODUCTION 


Sialolithiasis results in a mechanical obstruction 
of the salivary duct, causing recurrent glandular 
swelling during meals, which can remain transitory 
or be complicated by bacterial infections.!? The clas- 
sic response to sialolithiasis is antibiotic and anti-in- 
flammatory treatment in hope of a spontaneous stone 
expression through the papilla. When the subman- 
dibular stone is located close to the Wharton's duct 
opening, a marsupialization of the papilla (sialodo- 
choplasty) can be performed and the stone extracted.^ 
For posteriorly located stones, the gland is extirpated 
in most cases.24 


The main indications for submandibular gland re- 
moval are sialolithiasis and sialadenitis,?7 which rep- 
resent 6996? to 89%’ of all indications. Although sub- 
mandibular gland excision is a frequent operation, 
several reports demonstrate a rather high rate of com- 
plications.9-!! According to Hald and Koks-Andreas- 
sen? short-term complications are experienced by 
37% of patients and include, among others, tempo- 
rary marginal mandibular branch paresis (18%), in- 
fection (14%), and lingual nerve deficit (5%). In the 
same series, long-term complications are described 
in 35% of patients and include scar problems (17%), 
reduced salivation (14%), and alterations in sensa- 
tion (13%). Paresis of the marginal mandibular branch 


is not rare, and an incidence of definitive paralysis - 


of 7% is cited in one report. ? | 
Since submandibular gland resection is not innocu- 


ous, and since a large percentage of these operations 
are performed for sialolithiasis, it 1s surprising that 
the indications for submandibular gland resection for 
sialolithiasis remain vague. While only a few stud- 
ies have examined the function of salivary glands 
with sialolithiasis, it is believed that the glands are 
no longer functional.!? Moreover, repeated infec- 
tions, posteriorly located stones, and recurrent in- 
flammatory swelling are thought to be directly pro- 
portional to glandular dysfunction.!* 


Even if there is no proven link between histopa- 
thology and function, it seems reasonable to assume 
that salivary glands exhibiting marked histopatho- 
logic alterations are not functional, and that morpho- 
logically normal glands could be functional. Few stud- 
ies have examined the histopathology of removed 
submandibular glands. Histopathologic criteria have 
been proposed, such as inflammation, atrophy, or fi- 
brosis.1?:1? The exact role of inflammation in sali- 
vary function is unknown. Regarding fibrosis and 
atrophy and their correlation to the function of the 
gland, it seems reasonable to assume that if glandu- 
lar acini are replaced by fibrosis, or if diffuse atro- 
phy is present, the glandular function is impaired. 


The purpose of this study was to examine and clas- 
sify the histopathologic changes found in submandib- 
ular glands removed for sialolithiasis, and to corre- 
late these histologic changes to the patient's clinical 
history. 
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TABLE 1. DISTRIBUTION OF PATIENTS BY GRADING 
OF SUBMANDIBULAR GLANDS ACCORDING TO 
DEGREE OF ATROPHY, FIBROSIS, AND 


INFLAMMATION 
Fibrosis 
Atrophy Inflammation 0 I ii 
0 0 
I 
I 
I 0 
I 
II 
II 0 
I 
II 





See text for grading systems. 
E] — Grade A, Bl — Grade B, lll — Grade C. 


METHODS 


Included in this series were 48 consecutive patients 
who underwent removal of their submandibular 
glands for sialolithiasis. The diagnosis of sialolithi- 
asis was confirmed in all patients by conventional 
radiography, sialography, or ultrasound. 


The indication for submandibular gland removal 
was |) recurrent infections lasting more than 6 months 
or 2) chronic infection with symptoms lasting longer 
than | month despite antibiotic therapy. The surgery 
was performed under general anesthesia by standard 
techniques. For all patients, the following clinical 
data were noted: age, duration of symptoms, num- 
ber of infectious episodes, time since the previous 
infection, and the surgery performed. By duration of 
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symptoms, we mean the delay between the first epi- 
sode of inflammation of the gland and the operation. 
By number of infectious episodes, we mean only the 
swelling episodes treated with antibiotics, excluding 
transitory episodes of inflammatory swelling. 


The removed submandibular glands were fixed in 
formalin before examination by the pathologist. For 
each gland, 8 slides were stained with hematoxylin 
and eosin. For each specimen, the degrees of inflam- 
mation, fibrosis, and atrophy were staged by the same 
pathologist (A.-M.K.) without knowledge of the clin- 
ical data. The degree of inflammation was classified 
into | of 3 grades (0 = absent, | = moderate, 2 = im- 
portant). The degree of fibrosis underwent similar 
staging (from 0 to 2), and the location of the fibrosis 
was recorded (pericanalar or intralobular). The atro- 
phy was classified as focal or diffuse and scored simi- 
larly (0 = no atrophy, | = focal atrophy, 2 = diffuse 
atrophy). Other pathological findings recorded in- 
clude ectasia of intercalated ducts, granulomas, ab- 
scesses, presence of caliciform cells, and squamous 
metaplasia of the ductal epithelium. 


From these pathological findings, a new classifi- 
cation was established (Table | and Fig 1): 


1. Grade A: no atrophy and no fibrosis (score 0), and 
absent or moderate inflammation (score 0 or 1). 


2. Grade B: moderate atrophy (score 1) and/or fibro- 
sis (score 1) with any stage of inflammation (score 
0 to 2). 


3. Grade C: important atrophy and/or fibrosis (score 
2) with any stage of inflammation (score 0 to 2). 
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Fig 1. Histopathology of 3 pathological grades (H & E, original x200). A) Grade A. Normal glandular parenchyma. Absence 
of inflammation or atrophy. B) Grade B. Salivary gland shows moderate inflammatory infiltrate without significant atrophy. 
C) Grade C. Severely inflamed glandular parenchyma with microabcesses and diffuse atrophy. 


466 Marchal et al, Submandibular Gland Histopathology 





TABLE 2. COMPARISON OF CLINICAL DATA OF PATIENTS BY HISTOLOGIC GRADE 














Clinical Parameters Grade A Grade B Grade C p Total 
No. of patients 10 18 20 48 
Age (y) 3522166 36.7 E 10.4 54.3 t 17.6 .001 43.8 + 17.3 
No. of infectious episodes 3.4 t 1.8 3.4 x 1.7 34 t 2.5 .99 344 X 1.9 
Duration of symptoms (y) 2.4 € 1.4 3.4 t 4.8 2.5 t4. a 2.8 + 3.4 
Time between last episode and surgery (d) 64.54 26.5 74.8+ 89.3 73.8 t 86.7 94 Ieee FY 


Data are mean values + SD. See text for definition of grades. 














The statistical association between pathological 
variables and clinical data was performed by |-way 
analysis of variance. 


RESULTS 


The mean age of the 48 patients was 43.8 + 17.3 
(SD) years. On average, these patients experienced 
symptoms for 2.8 + 3.4 years, the number of infec- 
tious episodes was 3.4 + 1.9, and the frequency of 
episodes per year was 3.2 + 3.6 (Table 2). 


The histopathologic grading classified the subman- 
dibular gland specimens as grade A (n = 10), grade 
B (n = 18), or grade C (n = 20). The distribution of 
the averages of patient age and duration and number 
of infectious episodes according to histopathologic 
grade is shown in Table 2. Only the patient's age 
was significantly related to a more pathologically al- 
tered gland. The numbers of infectious episodes pre- 
sented by the patient before the extirpation of the 
gland were similar (mean, 3.4) in all 3 groups. There 
was no significant difference in duration of symp- 
toms among the 3 pathological groups. Similarly, 
there was no difference in the delay between the last 
infection and the surgery. 


The statistical relationship between individual his- 
topathologic variables and the clinical data is shown 


TABLE 3. STATISTICAL CORRELATION BETWEEN 
CLINICAL COURSE AND DIFFERENT PATHOLOGICAL 














VARIABLES E 
Time 
Between 
Pathological No.of Duration of Last Episode 
Variable Age Episodes Symptoms and Surgery 
Atrophy score — .01* .46 Jd .46 
Fibrosis score .OOI1*  .84 .97 .85 
Inflammation 
score .04* .92 x Y^ .62 
Focal atrophy — .55 sfd .49 .84 
Diffuse atrophy .02* .78 .50 47 
Local fibrosis — .046* al 39 33 
Periductal 
fibrosis 041* 93 74 49 
Abscess 9 a pe GL 
Metaplasia ,IU* .16 .11 ALT 
Data are p values. 
‘ps 9.T, 





in Table 3. None of the clinical data were significant- 
ly correlated to the pathological findings, except the 
patient's age. In particular, the 2 pathological vari- 
ables most probably related to an impaired gland func- 
tion, namely, diffuse atrophy and intralobular fibro- 
sis, were associated with a similar number of infec- 
tious episodes and a similar duration of symptoms 
(Fig 2) as found in the cases without diffuse atrophy 
or intralobular fibrosis. 


The delay between the last infectious episode and 
the surgery was inversely related (p « .02) to the pres- 
ence of abscesses and metaplasia (Table 3). When a 
delay of 30 days was used to subdivide patients into 
2 groups (18 patients with a delay of less than 30 
days as compared with the 30 remaining patients), 
the 18 patients with a shorter delay had a statisti- 
cally (p « .05) higher degree of inflammation (1.56 
+ 0.5 versus 1.07 + 0.22). 


DISCUSSION 


The same pathologist analyzed 48 submandibular 
glands removed for radiologically proven sialolithia- 
sis. A classification into | of 3 histopathologic grades 
was established. Submandibular glands classified as 
grade A had normal histologic findings and were 
found in 10 of 48 cases. Grade C, corresponding to 
markedly altered histologic findings with extensive 
atrophy and fibrosis, was found in 20 glands. Grade 
B was a group of 18 cases with intermediate histo- 
logic alterations. 


Although the patients in group A had normal his- 
tologic findings, they presented a clinical evolution 
similar to that of the patients in the other groups. In 
particular, their number of infectious episodes and 
their duration of symptoms were similar to those of 
the remaining patients, who had histologically altered 
glands. Therefore, on the basis of clinical symptoms, 
their submandibular gland removal was completely 
justified, considering that no precise criteria for sub- 
mandibular gland removal in cases of sialolithiasis 
are available. 


The only other pathological classification of sub- 
mandibular glands affected by sialolithiasis was pro- 
posed by Seifert!® and modified by Isacsson et al.!4 
Their grading was based mainly on the degree of in- 


Marchal et al, Submandibular Gland Histopathology 467 








Number of infectious episodes 





NO YES 
Diffuse Atrophy 


Duration of symptoms [years] 





NO YES 
Diffuse Atrophy 


Number of infectious episodes 





NO YES 
Intralobular Fibrosis 








Duration of symptoms [years] 





NO YES 
Intralobular Fibrosis 


Fig 2. Presence or absence of fibrosis and atrophy correlated to clinical course. 


flammation. In our study, the degree of inflamma- 
tion was correlated to the delay between the last in- 
fectious episode and the surgery. Patients who suf- 
fered from chronic infectious processes and were op- 
erated on early had a significantly greater degree of 
inflammation than the remaining patients. Therefore, 
inflammation could be partially reversible, and does 
not obligatorily entail a permanent glandular dysfunc- 
tion. Fibrosis and atrophy, such as considered in our 
grading, might be better predictors of the function 
of the gland. In the normal group (grade A), the glan- 
dular structure is completely conserved, and thus, we 
tend to assume that the function of the gland is nor- 
mal. In the pathological group (grade C), most glan- 
dular acini were replaced by atrophy and/or fibrosis, 
and it is logical to postulate that the function of such 
glands is impaired. In the intermediate group (group 
B), there were no definitive signs by which to evalu- 


ate the associated salivary function. 


In our study, the clinical history in terms of num- 
ber of infectious episodes and duration of symptoms 
was not correlated to the histopathologic grade. There- 
fore, numerous infectious episodes or a long dura- 
tion of symptoms cannot be used to predict the his- 
tologic alteration of submandibular glands removed 
for sialolithiasis. Although there is no proof of a di- 
rect correlation between histologic findings and func- 
tion, the common opinion that submandibular glands 
with sialolithiasis should be removed because they 
are nonfunctional should be revised. 


Despite an abundant literature on the role of sa- 
liva,!’ few specific tests of the function of an indi- 
vidual salivary gland are available. One possible ap- 
proach is to evaluate the salivary flow. Van den Akker 
and Busemann-Sokole? performed scintigraphic and 
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salivary secretion tests on patients after unilateral 
transoral removal of sialolithiasis. In their study, the 
majority of operated submandibular glands exhib- 
ited an output comparable to that of the normal con- 
tralateral submandibular gland. Already, in 1983, they 
had concluded that "the presence of a stone at the 
knee of the submandibular duct does not necessarily 
warrant excision of the submandibular gland.'4(0356) 


The only clinical variable that was correlated with 
the histopathologic grading was the patient's age. 
Scott!? analyzed the histologic changes in subman- 
dibular glands obtained at necropsy of patients from 
16 to 95 years old. Glands retrieved from young pa- 
tients had a compact parenchyma, interrupted with 
thin fibrous bands, whereas older glands exhibited 
acinar atrophy and increased pericanalar fibrosis. AI- 
though a correlation to the commonly observed de- 
crease of salivary function in elderly patients remains 
speculative, Scott's results are similar to our obser- 
vations. 


All of our patients had a lithiasis, proven not only 
by conventional radiologic techniques but also by ul- 
trasound and magnetic resonance sialography.!° Sei- 
fert and Donath,?? in 1977, in a survey of 349 extir- 
pated glands with sialadenitis, found only 4196 of 
stones by conventional radiology. Isacsson et al!4 


found 84% of stones by pathology in their series of 
submandibular glands resected for sialadenitis. The 
exact pathogenesis of sialadenitis remains unclear.’ 
Recent advances in diagnostic imaging!? and diag- 
nostic sialendoscopy?!-?? make us favor sialolithia- 
sis as the main cause of nonspecific sialadenitis. Con- 
servative techniques for removal of sialolithiasis, such 
as external lithotripsy?^76 and intraductal lithotrip- 
sy,?7-2 have already proven their efficacy. New en- 
doscopic techniques, such as endoscopic-assisted 
stone removal, are being developed and may be of 
interest in the near future.?!-?° 


CONCLUSIONS 


1. A new histopathologic grading of submandibular 
glands removed for sialolithiasis is proposed. 


MN 


. A significant percentage of submandibular glands 
removed for sialolithiasis exhibit normal histologic 
characteristics. 


3. The patients with normal submandibular glands 
have a clinical evolution similar to that of other 
patients with severely damaged glands. 


4. In view of the newly available diagnostic and ther- 
apeutic techniques for sialolithiasis, a conserva- 
tive attitude to submandibular gland resection ap- 
pears justified. 
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CHARACTERIZATION OF THE MEDIAL SURFACE OF THE VOCAL 
FOLDS 


DAVID A. BERRY, PHD MARTYN J. O. CLARK, MS 
LOS ANGELES, CALIFORNIA IOWA CITY, IOWA 
DOUGLAS W. MONTEQUIN, MA INGO R. TITZE, PHD 
IOWA CITY, IOWA IOWA CITY, IOWA 


A method is developed for the quantification of the medial surface of the vocal folds in excised larynges. Lead molds were 
constructed from the glottal airway of a canine larynx for 3 distinct glottal configurations corresponding to "pressed" folds, just 
barely adducted folds, and 1-mm-abducted folds as measured between the vocal processes. With a high-resolution laser striping 
system, the 3-dimensional molds were digitally scanned. Low-order polynomials were fitted to the data, and goodness-of-fit statis- 
tics were reported. For all glottal configurations, a linear variation (flat surface) approximated the data with a coefficient of determi- 
nation of 90%. This coefficient increased to roughly 95% when a quadratic variation (curvature) was included along the vertical 
dimension. If more than the top 5 mm or so of the folds was included (the portion usually corresponding to vibration), a cubic 
variation along the vertical dimension was necessary to explain a change in concavity at the conus elasticus. These findings suggest 
the utility of a model based on a convergence coefficient and a bulging coefficient. For all glottal configurations, the convergence 
coefficients and bulging coefficients can be computec. Because pre-phonatory conditions have a profound influence on vocal fold 
vibration and on the quality of phonation, such shaping parameters are highly significant. With the viability of this method substan- 
tiated, it is envisioned that future studies will characterize greater quantities of glottal shapes, including those of human vocal folds. 


KEY WORDS — glottis, larynx, vocal fold. 


INTRODUCTION shown that phonation frequency has a remarkable 

Initial conditions and boundary conditions have a correspondence with the lowest resonance frequency 
profound impact on many nonlinear dynamic sys- of the folds, as measured immediately before pho- 
tems. In vocal fold vibration, which represents such nation. 5^ such resonance frequencies are known to 
a nonlinear system, a small change in the pre-phona- be strongly influenced by glottal geometry.'? How- 
tory shape of the medial surface of the vocal folds ever, to date, no quantitative data exist on these pre- 
can mean the difference between chest-like, falset- phonatory shapes. In particular, previous magnetic 
to-like, and fry-like vibration patterns, or it can mean resonance and computed tomographic images ob- 
the difference between periodic and aperiodic oscil- tained from the vocal tract and laryngeal regions have 
lations.! For phonosurgeons, who alter the glottal ge- not yielded the resolution needed for modeling the 
ometry in reconstructive procedures, pre-phonatory medial surface of the folds (on the order of 0.1 mm). 


vocal fold shape is increasingly understood as a criti- 
cal variable. For example, measurement of the angle 
of glottal opening and precise positioning of the ary- 
tenoid cartilage are becoming more and more com- 
mon in phonosurgery.?-? 


The focus of this report is the development of a 
method for high-precision quantification of the me- 
dial shape of the vocal folds in excised larynges. Once 
the methodological study is presented, future stud- 
ies are envisioned in which greater numbers of molds 


several simulation models of vocal fold vibration will be analyzed, with more decisive conclusions 
have been used to quantify the subtleties of vocal drawn. The following questions will be probed. What 
fold shape.>-’ These models solve second-order par- order of polynomial must be used to approximate 
tial differential equations to describe the resultant vi- the vocal fold shape across a variety of glottal con- 
brations. In such models, the specification of initial figurations? Does the theoretical model proposed by 
conditions, or pre-phonatory shape, is essential in Titze,!! which assumes a linear variation of vocal 
making a reasonable prediction of the oscillat:ons. A fold shape along the anterior-posterior length and a 
series of normal mode studies on the vocal folds has quadratic variation along the vertical depth, provide 
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Fig 1. Views of larynx. A) Lateral view depicts stopper that was placed at base of trachea to prevent wax leakage during 
molding process. B) Superior view depicts 2-pin micrometer device used to control arytenoid adduction. 


an adequate description of the molds? If so, what are 
the convergence coefficients and bulging coefficients 
of each of the molds, and how do these constants 
change as a function of glottal adduction? 


METHODS 


A canine larynx was obtained postmortem from 
an experimental animal weighing approximately 20 
kg. Before molding the airway, we dissected the ex- 
cised larynx to remove the epiglottis, the ventricular 
folds, and all but a short section (0.5 to 1 inch) of the 
trachea. The interior of the larynx was coated with a 
silicone gel to allow easy removal of the mold. A 
stopper, held in place with a hose clamp, was used to 
block the trachea (Fig 1A). The larynx was then 
mounted in a vertical orientation, and the vocal folds 
were adducted with 2-pin micrometer devices, as 
shown in Fig 1B. Once a desired level of adduction 
was achieved, molten wax (Tissueprep histologic 
wax) was injected into the glottal airway and left to 
harden. 


In order to make a more permanent mold of the 
airway, we removed the wax mold and placed it in 
dental plaster so that the tracheal end of the wax mold 
broke the surface of the plaster (so that the wax could 
be removed later). After the plaster hardened, the wax 
was removed by placing the plaster-wax compound 
into a kiln and slowly heating the kiln to at least 
327.5°C, which is the melting point of lead. The wax 
was burned away and was replaced with liquid lead. 
The lead mold was allowed to cool for | hour. Sub- 
sequently, the plaster was cracked away, leaving a 
3-dimensional (3-D) lead mold of the glottal and sub- 
glottal airway, as well as a 3-D representation of the 
medial surface of the vocal folds. The molds appeared 
to yield a good representation of the glottal airway. 


There was no evidence of tissue deformation during 
the wax injection, or during hardening of the plaster 
or the reverse lead mold. 


Three molds were obtained from the larynx, each 
mold corresponding to a unique glottal configuration: 
1) an open larynx (a glottal width of approximately 
| mm, with no micrometer-adduction devices ap- 
plied); 2) the arytenoids just barely adducted; and 3) 
the arytenoids pressed to the point of | mm beyond 
"just touching." Measurements of glottal width were 
taken between the anterior points of the vocal pro- 
cesses. 


In preparation for analysis of the molds, it was 
necessary to digitize the surfaces. The physical ori- 
entation used throughout this report is as follows: z 
direction, the vertical dimension; y direction, the an- 
terior-posterior length; and x direction, the medial- 
lateral dimension of the folds. The metallic compo- 
sition of the lead molds facilitated digitization with 
a 3-D laser striping system. In particular, we used 
the IMAGINE? laser striper, built by the Department 
of Artificial Intelligence at the University of Edin- 
burgh, to digitize the molds.!?.!^ The system mea- 
sured the x coordinate with an error of approximately 
0.1 mm, and scanned the surfaces in increments of 
0.5 mm in the y and z directions. Scans were taken 
of all of the molds from 3 different orientations: the 
left, the top, and the right, as shown in Fig 2. Be- 
cause the molds appeared to be predominantly sym- 
metric, symmetry was assumed, and only the left 
view was analyzed. However, if one desired to ana- 
lyze the geometric asymmetries between the left and 
right folds, the present technique could accommo- 
date such a study (ie, both left and right views could 
be analyzed). 
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Fig 2. Surface rendering of 3-dimensional (3-D) data ob- 
tained with laser striper for larynx |. Left, superior, and 
right views are shown from left to right in pictures, re- 
spectively. From top to bottom, open larynx, arytenoids 
just touching, and pressed arytenoid configurations are 
shown. 


In modeling the medial surface of the folds, it was 
of particular interest to know which regions of the 
molds corresponded to vibrating tissues. Indeed, the 
focus of this investigation was the pre-phonatory 
shape of tissue regions in which oscillations might 
occur. Such data directly impact our computer mod- 
els of vocal fold vibration and are also of interest in 
phonosurgery. Although the non-oscillating tissue re- 
gions were not the focus of this study, they could be 
useful for modeling subglottal airflow. 


The region in which tissue vibration was possible 
is depicted on the lead mold shown in Fig 3, which 
illustrates a medial view of the mold. The numeral 3 
delineates the superior surface of the folds, which 
appears as a clear indentation on the mold. Above 
this line, the molding material spilled over the top of 
the glottal airway. The numeral 2 marks the inferior 
boundary of vibrating tissue. Palpation of the sub- 
glottal wall on the original larynx (ie, not the mold) 
revealed that the depth to which tissue vibration could 
occur varied along the length of the folds. The depth 
was smaller at the anterior and posterior extremities 
than midway along the length. The inferior bound- 
ary was roughly symmetric about the midpoint of 
the membranous fold, curving upward anteriorly and 
posteriorly, as shown in Fig 3. The maximal depth 
of the region of vibration was approximately 5.6 mm 
on this mold. 


The 4 vertical lines marked with a numeral | show 
2 possible choices for the anterior and posterior boun- 


Fig 3. Side view of sample lead mold of glottal airway. 
Line 3 indicates superior edge of vocal fold, 2 indicates 
inferior edge on which tissue vibration is possible, and | 
indicates plausible choices for anterior-posterior bound- 
aries. Although most extreme markers give more accu- 
rate indication of true vocal fold length, more interior 
markers were often used in this investigation in order to 
avoid noisy data near end points. 


daries of the vocal fold. Presumably, the most extreme 
positions give the most accurate estimate of vocal 
fold length. This is because the most extreme posi- 
tions of the mold made contact with the structures 
typically used to measure vocal fold length, eg, the 
vocal process and the anterior commissure. However, 
noisy data at the extremes sometimes necessitated a 
small reduction of this region to facilitate data analy- 
SIS. 


DATA ANALYSIS, RESULTS, AND DISCUSSION 


The first step of the analysis consisted of fitting 
low-order polynomials to the medial surface of the 
molds. Polynomials were expressed in the follow- 
ing general form: 


M N 
(1) X(y,Z) = >. X Aijy'z 


i=0 j=0 


where Aij are coefficients determined by computing 
a best-fit polynomial to the image data by Gaussian 
elimination. 


Best-fit polynomials were computed for each 
mold. For each glottal configuration, the values of 
M and N were systematically modified, thus alter- 
ing the degree of the polynomials in y and z (see 
equation 1). For every polynomial, the coefficient of 
determination (COD) was computed to assess its 
goodness of fit with the data. The COD is a standard 
statistical term used to assess the goodness of fit of 
linear and nonlinear models to empirical data. It is 
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TABLE 1. COEFFICIENT OF DETERMINATION PERCENTAGES FOR THREE MOLDS OF LARYNX ONE 


Open Larynx 
Maximum Power in y (M) 

Maximum Power in z (N) 0 l 2 3 

0 31 

1 54 89 93 

2 92 93 94 

3 93 95 96 

4 93 


See text for definitions. 


defined as follows: 


| 2 (xi — yi)? 
Q) COD =1- J 


PA (xi — X)? 


Where yi refers to predictions from the model, xi re- 
fers to the empirical data, and x refers to the average 
value of the empirical data. The value of the COD 
could range between 0 and 1. A value of 0 did not 
capture any of the variance of the data (ie, the model 
was no better than an average value estimate), and a 
value of 1 gave a perfect match between the model 
and the data. With a computed table of COD per- 
centages for various values of M and N, one could 
objectively assess the order of polynomial necessary 
to fit the data. The results for the 3 molds are shown 
in Table 1. 


For all of the glottal configurations, the data strong- 
ly suggested that the N = M = 1 condition was a sat- 
isfactory condition. If either N or M was lowered, the 
COD dropped dramatically, indicating that the model 
could no longer adequately explain the data. For N = 
M = 1, the COD ranged between 83% and 92%. An 
additional 3% to 8% gain could be obtained by in- 
creasing N to 2, suggesting that a quadratic varia- 
tion in z might also be important in explaining the 
curvature of the folds. For.the most part, only small 
gains were achieved by further increasing the values 
of M and N. 


Using N = 2 and M = 1, a visual portrayal of the 
polynomial fit to the data is shown for the adducted 
and "pressed" conditions, as shown in Fig 4A,B. No- 
tice that for the adducted mold, no data points were 
available for the superior-anterior portion of the mold. 
This illustrates a general limitation of the molding 
procedure: in order for the mold to exist in a particu- 
lar region, the glottal airway needs to have a finite 
width (on the order of 0.1 mm). Thus, the mold did 
not exist (the molding material simply broke off) in 
any region in which the glottal airway had a width 
of less than 0.1 mm. For the purpose of data analy- 
sis, such regions were zero-padded. While this was 


Maximum Power in y (M) 
0 1 2 3 0 I 2 3 


Just Barely Adducted Pressed Arytenoids 


Maximum Power in y (M) 


23 10 

56 92 92 61 83 83 
95 06 96.0 95 95 95 
96 96 96.9 95 95 95 
96 95 


a limitation of the procedure, given that the accu- 
racy of the measurements was on the order of 0.1 
mm, this was not viewed as a serious limitation, and 
zero-padding these regions yielded a reasonable es- 
timate of the “missing” data. For the “pressed” mold 
as shown in Fig 4B, the entire top 5 mm of the data 
were missing. 


For the separated folds, there were no missing data. 
Figure 4C shows the results of a cubic fit of the z 
curvature (M =3 and N = 1) for the top 13 mm of the 
glottal airway. Although the cubic polynomial (COD 
= 93.9%) was not a great deal better than the qua- 
dratic polynomial (COD = 92.5%) according to the 
data in Table 1, physically, the cubic yielded a much 
better representation of the mold over this entire 13- 
mm region. As can be seen in Fig 4C, the convexity 
of the folds changed from top to bottom (ie, from 
concave to convex). À cubic polynomial was neces- 
sary to capture this variation in curvature. 


However, as already noted, the focus of this study 
is on the medial surface of the folds, which may cor- 
respond to vibration. Traditionally, it is understood 
that only the top 3 to 5 mm of the folds is important 
in terms of vocal fold vibration. For the case of the 
cubic polynomial, the vertical inflection point was 
calculated to isolate just the "upper" curvature. The 
inflection point was 7.61 mm from the top anteri- 
orly, and 8:23 mm from the top posteriorly. Midway 
along the vocal fold length, the inflection point was 
calculated to be 7.9 mm from the top. For simplicity, 
the inflection point was rounded off to 8 mm even. 
Because the mold captured the top 13 mm of the glot- 
tal airway, this inflection point corresponded to rough- 
ly the top 5 mm of the mold. 


In Table 2, the COD percentages were calculated 
again with only the data corresponding to the vibrat- 
ing portion of the molds (the upper 5 mm). With this 
taken into account, across all glottal configurations, 
the data suggest that a linear function in y and a qua- 
dratic function in z are sufficient to capture the cur- 
vature of the folds. This is a preliminary confirma- 
tion of the hypothesis proposed earlier by Titze!! that 
the y curvature of the pre-phonatory glottis is linear 
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and that the z curvature is quadratic. Specifically, he 
hypothesized that the pre-phonatory glottis could be 


characterized as follows: 


(3) X(y,z) = ( " i) | + (5 — 4E j) ( 


[=Z 
T 


) 


Fig 4. Plus marks indicate 3-D data points of scanned mold. A) 
Glottal configuration with arytenoids "just touching." Mesh cor- 
responds to best polynomial fit for M = 1 (linear in anterior- 
posterior direction) and N = 2 (quadratic in vertical direction). 
B) Glottal configuration in which arytenoids are “pressed” to- 
gether | mm past "just-touching" configuration. Mesh corre- 
sponds to best polynomial fit for M = 1 (linear in anterior-pos- 
terior direction) and N = 2 (quadratic in vertical direction). C) 
One-millimeter "open" glottal configuration. Mesh corresponds 
to best polynomial fit for M = 1 (linear in anterior-posterior 
direction) and N = 3 (cubic in vertical direction). 


Open 


z (mm) 





x (mm) 


C 


where L is the anterior-posterior length of the folds, 
T is the vertical thickness, €0 is the superior glottal 
half-width, Gc is the convergence coefficient describ- 
ing the linear variation in z, and €b is the bulging 
coefficient describing the quadratic variation in z. 
The physical meaning of these coefficients is further 
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TABLE 2. RECALCULATION OF COEFFICIENT OF 
DETERMINATION PERCENTAGES FOR OPEN LARYNX 
USING JUST UPPER FIVE MILLIMETERS OF MOLD 


Maximum Power in y (M) 


Maximum Power in z (N) 0 1 2 
0 0.0 44,3 
1 29.1 89.7 90.8 
2 96.4 98.0 
3 96.6 


See text for definitions. 


illustrated in Fig 5.1! 


Although the polynomial of equation 3 is linear in 
y and quadratic in z, it is obviously more restrictive 
than the general polynomial of equation 1. However, 
one advantage of the more restrictive definition is 
that each parameter has a precise physical interpre- 
tation. Of course, the usefulness of this characteriza- 
tion must be judged by how well it matches the em- 
pirical data. To perform this evaluation, equation 3 
was fitted to the same data as equation 1. In every 
case, the z = Q level was set 5 mm below the as- 
sumed top of the folds. The results of this optimiza- 
tion procedure are shown in Table 3. 


By comparing Tables I and 3 (Tables 2 and 3, for 
the case of the open larynx), one can see that the 
COD percentages drop anywhere from 0.1% to 2.0%. 
The values of Table 1 (Table 2, for the open larynx) 
that correspond to Table 3 are found in the column 
in which M = 1 and in the row in which N = 2. This 
slight drop in the goodness of fit did not appear to be 





(2) = (1- 2) [f+ (& -482) (1- 2)] 


Fig 5. Drawing of pre-phonatory shaping function previ- 
ously proposed by Titze,!! illustrating coefficients intro- 
duced in equation 3. 


TABLE 3. SHAPING PARAMETERS (IN MILLIMETERS) 
FROM EQUATION THREE AND COD PERCENTAGES 
FOR THREE MOLDS OF LARYNX ONE 

Eo Ec Eb L T COD (%) 
Open larynx 171 2.75 1.03 20.0 5.00 94.4 
Just barely adducted 0.01 1.65 0.16 18.7 4.12 94.7 


Pressed arytenoids 0.00 0.26 0.18 20.0 5.07 952 


L — length; T — thickness; COD — coefficient of determination. 
See text for other definitions. 


significant. Although the fit of either equation was 
acceptable, the direct physical interpretation of the 
shaping parameters from equation 3 seemed to out- 
weigh the slight loss in goodness of fit. An illustra- 
tion of how the "optimized" polynomial (for equa- 
tion 3) fit the *open" mold is shown in Fig 6. 


The shaping parameters of Table 3 appeared to be 
quite descriptive of the molds, at least for the upper 
portions of the molds corresponding to the vibrating 
folds. The open larynx had the greatest glottal half- 
width £0, the greatest linear convergence &c (the sur- 
faces converged medially when traversing the sur- 
faces in a superior direction), and the greatest qua- 
dratic bulging Eb. For both the adducted and pressed 
molds, the glottal half-width was essentially 0, as 
expected. The glottal convergence of the adducted 
mold was only 60% of that of the open larynx, and 
the glottal convergence of the pressed mold was less 
than 10%. In terms of glottal bulging, both the ad- 
ducted folds and the pressed folds had small values, 
ie, less than 20% of that of the open larynx. 


One might argue whether the vocal fold length L 
and the thickness T should have been allowed to vary 
in the optimization procedure. Certainly, if the model 
gave large deviations from measured values, the tech- 
nique would be suspect. There are several reasons 
why it was thought valid to allow such an optimiza- 
tion here. One reason is that the vocal fold length 
and effective thickness of the folds might truly vary 
as a function of glottal adduction. Another reason 
was that the data did not necessarily extend all the 
way to the anterior commissure as the model as- 
sumes. For example, as indicated in our earlier de- 
scription of Fig 3, sometimes the length had to be 
trimmed posteriorly or anteriorly because of noisy 
data near these end points. By allowing the geomet- 
ric dimensions L and T to vary, an optimum align- 
ment between model and data was allowed, while 
still retaining the basic form of the equation. Finally, 
to compare the optimization results of equations 1 
and 3, equation 1 had 6 parameters to vary (for the 
case in which M equals 1 and N equals 2), whereas 
equation 3 would have only 3 parameters if the val- 
ues of Land T were fixed. By allowing a variation in 
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Open Case/Upper 5 mm/Fitting to Hypotnesized Equation 





L and T for equation 3, both equations | and 3 had a 
similar number of parameters to optimize. Optimiza- 
tion results yielded comparable goodness-of-fit sta- 
tistics for the 2 equations. 


SUMMARY AND CONCLUSIONS 


A technique was presented for quantifying the pre- 
phonatory shape of the vocal folds mathematically 
on excised larynges. A primary limitation of this 
method is that the thyroarytenoid muscle is not acti- 
vated in an excised larynx. However, this is a limita- 
tion that can only be overcome with imaging at higher 
levels of precision than are currently available on 
human subjects. Thus, a molding procedure was used 
to capture the shape of the excised larynges. Ultimate- 
ly, a lead mold was generated, which was subsequent- 
ly digitized with a 3-D laser striping system with a 
precision of 0.1 mm. Three molds were created, digi- 
tized, and fitted to low-order polynomials. 


Through analysis of the COD for various polyno- 
mial models of glottal shape, it was argued that mini- 
mally, a linear variation in y and z was needed to cap- 
ture the curvature of the folds. Further modest gains 
were achieved by allowing a quadratic variation in 
z. However, any further increase in the order of the 
polynomial did little to improve the correspondence 





Fig 6. Plus marks indicate 3-D data points of 
scanned mold corresponding to 1-mm "open" 
glottal configuration, focusing approximately 
on top 5 mm, in which most tissue vibration 
would occur. Mesh corresponds to best poly- 
nomial fit to equation 3, using optimized 
shaping coefficients presented in Table 3. 


x (mm) 


between model and data. Consequently, on the basis 
of the 3 molds analyzed in this preliminary study, it 
was argued that a linear variation in y and a qua- 
dratic variation in z was sufficient to capture the cur- 
vature of the folds across a range of glottal adduc- 
tions. 

This result is a preliminary confirmation of an 
earlier hypothesis by Titze,!! in which he presented 
an equation (equation 3) to describe the pre-phona- 
tory shape of the folds on the basis of glottal conver- 
gence and bulging coefficients. In this study, the co- 
efficients were optimized for each of the 3 molds, 
and are enumerated in Table 3. These coefficients 
provided a useful description of the pre-phonatory 
shape of the vocal folds, and could be directly in- 
serted into our models of vocal fold vibration. 


Our technique has been shown to capture the pre- 
phonatory glottal shape with a precision on the or- 
der of 0.1 mm. With the technique and results pre- 
sented in this study, we now have the confidence to 
proceed with further studies in which greater num- 
bers of molds will be generated, digitized, and ana- 
lyzed. Such investigations are of extreme importance, 
because initial conditions and boundary conditions 
are known to have a profound impact on vocal fold 
vibration, just as they do on many other nonlinear 
dynamic systems. 
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MASS LOADING ON THE OSSICLES AND MIDDLE EAR FUNCTION 
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The middle ear as a levered vibrating system for sound transmission from the external to the inner ear is affected by changes in 
ossicular chain mass. Mass loading of the ossicles may impair ossicular dynamics and sound transmission to the inner ear. It is 
incumbent on otologic surgeons and researchers of middle ear mechanics to consider the mass loading effect on middle ear function 
in clinical and physiological applications. The residual hearing and frequency response can change after surgery or implantation of 
middle ear prostheses. We conducted experiments on mass loading effects on the middle ear transfer functions by using laser Doppler 
interferometry and a human temporal bone model. Two implant mass loading conditions were tested on 17 fresh or fresh-frozen 
temporal bones and compared with the unloaded condition for the frequencies 250 to 8,000 Hz. The results show that the linearity of 
the middle ear function did not change, although displacement of the stapes footplate decreased after the increased masses were 
placed on the incudostapedial joint. The greater the mass of the implant, the less displacement was measured at the stapes footplate. 
We conclude that there is a quantitative limit to increased mass on the ossicular chain above which the mass will remarkably impair 
hearing thresholds. 


KEY WORDS — implantable hearing device, laser Doppler interferometry, mass loading, middle ear, ossicle, temporal bone. 


INTRODUCTION 


The emerging technology of implantable middle 
ear hearing devices (IMEHDs) has inherent limita- 
tions related to the placement of any mass load on 
the ossicular chain. There are actually 2 types of 
IMEHDs that add loading to an intact ossicular chain. 
The first type involves placement of a vibrating probe 
fixed to a transducer in contact with an ossicle. The 
second type places a free mass on the ossicular 
chain.'?^ The former places a force load, while the 
latter, as seen in electromagnetic IMEHDs, places 
an inertial load in the middle ear. Mass loading is the 
topic of this study, in which we used laser Doppler 
interferometry (LDI) to measure the effects o? load- 
ing on middle ear mechanics. 


Since Newton's law of mass action is inviolate, 
any additional load on the ossicular chain will in- 
crease inertia and change its transfer function. Thus, 
the mass of an implant, its size, and its location on 
the ossicular chain all relate to the higher-frequency 
performance of IMEHDs. The earliest study on mass 
loading involved the mass of a middle ear replace- 
ment prosthesis for the incus. Lawrence? added 25 
mg (an incus replacement) to the feline middle ear 
and found improved cochlear microphonic potentials 
at selected frequencies. However, the consensus of 
all loading studies to date is that additional mass is 
detrimental to middle ear function.^!4 


Nishihara et al? were the first to use LDI to mea- 
sure ossicular displacements at different sites on the 
tympanic membrane and ossicles in human tempo- 
ral bones with and without the addition of masses. 
The addition of 3 to 5 mg of mass to the malleus head, 
incus long process, or stapes head produced a mini- 
mal loss in umbo displacement. Since 1993, laser in- 
terferometry has become a reliable means of evalu- 
ating middle ear mechanics with temporal bones and 
was proposed by Dormer et al? to be considered as 
an international standard for evaluating IMEHD per- 
formance. 


This study specifically evaluated mass loading of 
an IMEHD, similar to the type currently in phase II 
clinical trials as the Soundtec Direct Drive Hearing 
System (DDHS; Soundtec, Inc, Oklahoma City, 
Okla). Two masses (magnet implants onto ossicles) 
were tested on 17 fresh or fresh-frozen temporal 
bones, and stapes displacements were compared with 
the (control) unloaded condition for frequencies of 
250 to 8,000 Hz. The results show that the higher the 
implant mass, the greater the deficit in stapes foot- 
plate displacement. 


MATERIALS AND METHODS 


Implant Masses. Two experimental middle ear im- 
plants, model 1 (weight, 37.5 mg) and model 2 
(weight, 22.5 mg), were used for the study (Fig 1). 
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Fig 1. Picture of two implant models used in study. Im- 
plant model 1 was made of samarium-cobalt with wire- 
form attachment at 45? angle with respect to longitudi- 
nal axis of magnet. Implant model 2 was made of neo- 
dymium-iron-boron with wireform attachment at 30° 
angle with respect to axis of magnet. Ruler is in millime- 
ters. 


These two implants were made of similar rare earth 
magnetic materials in a cylindrical configuration, in- 
cluding a titanium wireform for ossicular attachment. 
Both implants were 1.5 mm in diameter, but model 
2 (2 mm) was | mm shorter than model |. The wire- 
form attachment ring for positioning the cylinders 
in the incudostapedial joint was 1.5 mm in diameter 
and contributed to the overall mass. 


Human Temporal Bone Preparation. Eight whole 
fresh or fresh-frozen cadaveric temporal bones (group 
A. 6 fresh and 2 fresh-frozen) were obtained through 
the Donor Program, University of Oklahoma Health 
Sciences Center, and used in the study of model | 
implant mass. The donors' average age was 78.5 
years (range, 57 to 85 years; 5 male and 3 female). 
Group B consisted of 9 temporal bones (average age, 
64 years; range, 32 to 96 years; 8 male and | female; 
6 fresh and 3 fresh-frozen) that were used for the 
model 2 implant study. To maintain soft tissue com- 
pliance and hydration upon receipt and after thaw- 
ing, the bones were stored in 1:10,000 merthiolate 
in 0.9% saline solution at 5?C until use. The experi- 
ments were performed within 6 days.!?.!ó Before ac- 





Fig 2. Schematic of human temporal bone setup Ear Canal 


for control study. 


Temporal Bone 


Tympanic Membrane 


XMAS 


ceptance into the study, each temporal bone was visu- 
ally inspected under an operating microscope (Zeiss, 
OPMI-1) to confirm an intact tympanic membrane. 
If, during mastoidectomy for exposure of the middle 
ear, there was evidence of disease, the temporal bone 
was not used. 


A canal wall—up mastoidectomy with an extended 
facial recess approach was performed to provide la- 
ser beam access to the middle ear ossicles. The bony 
external ear canal remained totally intact. In the fa- 
cial recess and middle ear, the segment of the facial 
nerve and surrounding bone that forms the medial 
boundary of the facial recess was removed to im- 
prove optical access to the stapes footplate. A small 
piece of reflective tape, 0.5 mm^, weighing 0.04 mg 
(3M Co, St Paul, Minn) was placed on the center of 
the stapes footplate as the reflective laser target. The 
bone was wrapped in wet (normal saline solution) 
gauze to prevent desiccation of the specimen during 
the experiment. 


Temporal Bone Experimental Setup. Schematics 
of the temporal bone setup are shown for the control 
study (Fig 2) without an implant mass and for the 
experimental study (Fig 3) with an implant mass 
added to the incudostapedial joint. Each temporal 
bone was placed in a weighted temporal bone holder 
on a vibration isolation table, and each was studied 
consecutively for both the control and experimental 
interventions of mass loading. 


The sound delivery system was identical for both 
control and experimental studies, as shown in Figs 2 
and 3. Pure tone, narrowband, filtered sound signals 
from a calibrated clinical audiometer (Beltone, model 
2000) were presented to the tympanic membrane by 
an insert earphone (model ER-2, Etymotic Research, 
Elk Grove Village, Ill). A stiff plastic tube (3 mm 
diameter and 15 mm length) was attached to the in- 
sert phone, which was sealed into the middle ear 
space with dental silicone polymer (Reprosil, DDI 
Inc, Milford, Del) around the bony rim of the ear 
canal. A probe microphone (model ER-7, Etymotic 
Research) was used for monitoring the input sound 
pressure level (SPL). The probe microphone tube was 
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secured parallel to the sound delivery tube, and the 
tip of the probe tube was positioned 2 mm from the 
tympanic membrane. 





A single-point laser Doppler interferometer (Poly- 
tec PI, Costa Mesa, Calif, Vibrometer model OFV- 
501) with a controller (model OFV-3000) and a fiber- 
optic cable with a Nikon 50-mm focusing lens was 
used to measure the velocity and displacement of the 
stapes footplate caused by acoustic vibrations of the 
tympanic membrane. The vibrometer had a displace- 
ment resolution of 1 x 1079 um over the frequency 
range of 0 to 150 KHz in the velocity decoder of the 
hardware (minimum detectable velocity, 0.5 m/s). 
Displacement measurements were derived indepen- 
dently of the velocity output by a separate fringe 
counter decoder, whose output was absolutely cali- 
brated to the laser wavelength (minimum detectable 
displacement, 0.0008 um).!7 


The light source (helium-neon single laser) was 
modulated at 40 MHz and focused onto the reflec- 
tive tapeonthe center of the stapes footplate. We used 
a 3-dimensional micromanipulator (model UMM-3C, 
Narishige International, New York, NY) for position- 
ing the laser fiberoptic cable and beam with respect 
to the reflective tape. The deviation of the laser beam 





Fig 4. Picture of implant (model 2) placed on incudosta- 
pedial jointof left ear temporal bone. Joint was reattached 
and joint healing was simulated by means of cyanoacry- 
late glue. 
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Fig 3. Schematic of human temporal bone setup 
for experimental study with implant. 


Vibration Isolation Table 


with respect to the direction of vibration of the stapes 
varied from 30° to 50° off perpendicular to the foot- 
plate. The velocity or displacement measures with 
LDI were acquired in the frequency domain by back- 
weighted averaging of a live fast Fourier transform 
(FFT). The spectral magnitude and phase informa- 
tion were obtained by a fast-acquisition, multichan- 
nel, digitizing signal analyzer (model DSA 601 Tek- 
tronix, Beaverton, Ore) and then recorded on a per- 
sonal computer for further analysis. The signal ana- 
lyzer can also store waveforms and FFT settings for 
permanent storage and archiving. We accepted only 
data with a total harmonic distortion of less than 10% 
of pure tone signals according to the distortion in- 
dex shown on the signal analyzer. 


The peak-to-peak displacement (dp-p) of the foot- 
plate of the stapes was directly calculated from the 
voltage output of the LDI displacement decoder or 
converted from the output of the velocity decoder 
by the formula shown below: 


(1) dp-p = k(Avolt/rf) 


where Avolt is voltage amplitude in millivolts, f is 
frequency in kilohertz, and k is a constant related to 
the selected scale and a calibration factor in micro- 
meters per millivolt per second. For instance, k 2 5 x 
107? um/mV per second, if the scale factor 5 mm/s 
per volt is used. 


Temporal Bone Experiment Protocols. The con- 
trol study was performed first, to establish the nor- 
mal middle ear transfer function. Displacements of 
the stapes footplate were measured in the frequency 
range of 250 to 8,000 Hz with input pure tone SPLs 
of 80, 90, and 100 dB, respectively. After obtaining 
control data, we cut the incudostapedial joint with a 
joint knife and placed the implant at the joint, which 
reclosed by natural tissue elasticity. Thus, each mid- 
dle ear served as its own control. To simulate the in 
vivo soft tissue growth and healing that would nor- 
mally occur at the incudostapedial joint, we secured 
the implant to the reattached joint with a drop of cy- 
anoacrylate glue. Figure 4 shows the left ear tempo- 
ral bone with the implant model 2 placed on the in- 
cudostapedial joint and the joint reattached with cy- 
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Fig 5. Mean peak-to-peak displacements measured at stapes footplate in group A (N = 8) with acoustic inputs of 80, 90, and 
100 dB sound pressure level (SPL) at tympanic membrane. A) Displacements obtained from control study. B) Displacements 
obtained from experimental study with implant mass model 1 (weight, 37.5 mg). 


» anoacrylate glue. To exclude the effect of the surgi- placements of the stapes footplate measured from 9 
cal preparation on the temporal bones and the stiff- bones (group B, control study). The frequency re- 
ness of the middle ear, we performed a separate sur- sponse curves of stapes footplate displacements in 

| gical control study on 2 bones. By cutting and then groups À and B are relatively flat at low frequencies 

| gluing the incudostapedial joint, but without added (250 to 1,000 Hz) and decline at high frequencies. 
mass, we repeated the control study protocol and did The response curves shown in Figs 5A and 6A agree 
not find significant differences in stapes displacement with previously published data.19.18 When the sound 
as compared with the main control study. level was increased from 80 dB to 90 and 100 dB, 

In the experimental study, movement of the ossi- the frequency response curves had upward parallel 
cles with the added implant mass was generated by shifts. The increase of the footplate displacements 
the same sound pressures at the tympanic membrane for every 10-dB SPL change is equal to 10 dB over 
as in the control study. Displacements of the stapes the whole frequency range. This finding demonstrates 
footplate were measured in the frequency range of _—‘the linearity of middle ear function, in agreement with 

| 250 to 8,000 Hz with input SPLs of 80, 90, and 100 the umbo displacement curves obtained in a human 

| dB, respectively. subject by Goode et al.!° 
Figures 5B and 6B show the mean frequency re- 
€ RESULTS sponse curves of stapes footplate displacements in 


Figure 5A shows the mean peak-to-peak displace- 
ments of the stapes footplate measured from 8 bones 
(group A, control study) over a frequency range of 
250 to 8,000 Hz, and Fig 6A shows the mean dis- 
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the experimental studies, measured from the same 8 
bones in group À and the same 9 bones in group B, 
respectively. Notice that the frequency response of 
the stapes with an added implant mass is similar to 
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Fig 6. Mean peak-to-peak displacements measured at stapes footplate in group B (N = 9) with acoustic inputs of 80, 90, and 
100 dB SPL at tympanic membrane. A) Displacements obtained from control study. B) Displacements obtained from experi- 
mental study with implant mass model 2 (weight, 22.5 mg). 
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Fig 7. Frequency response curves of stapes footplate displacements measured in 8 bones (group A) with pure tone acoustic 
signals of 90 dB SPL at tympanic membrane. A) Control data. B) Experimental data from implant model 1. 


that of the controls (Fig 5B compared with Fig 5A 
and Fig 6B compared with Fig 6A). The transfer func- 
tion of the middle ear with an implant mass shows 
the same linearity as that in control temporal bones. 


In the individual experiments, we selected the 90- 
dB SPL stimuli for a comparison study of the effect 
of different implant masses on the stapes displace- 
ment. Figure 7A shows the control data obtained from 
8 bones of group A, and Fig 7B shows the experimen- 
tal data obtained from the same 8 bones implanted 
with model 1. The mean frequency response curves 
of the stapes footplate from control and experimen- 
tal studies are also included in Figs 7A and 7B, re- 
spectively. Similarly, the control data from 9 tempo- 
ral bones of group B are given in Fig 8A, and the 
experimental data are given in Fig 8B. Some data 
points are missing in Figs 7 and 8 because of high 
distortion (noise floor) of the interferometer outputs 
measured at those frequencies. We did not accept any 
data with a total harmonic distortion of more than 
10% of pure tone signals. Figure 9 compares all mean 
frequency response curves of stapes displacements 
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at 90 dB SPL at the tympanic membrane. The con- 
trol versus experimental data from implant model | 
are shown in Fig 9A with standard error bars. The 
control versus experimental data from implant model 
2 are shown in Fig 9B. A gap between the solid line 
(control) and the broken line (experimental) depicts 
the effect of implant mass on stapes footplate dis- 
placement. As can be seen in Fig 9, the greater mass 
(model |) resulted in a decrease of stapes displace- 
ment over the whole frequency range of 250 to 8,000 
Hz (Fig 9A), and the attenuation induced by the mod- 
el 2 implant in stapes displacement mainly occurred 
at frequencies of 750 to 2,000 Hz (Fig 9B). 


To calculate the changes in decibels of the stapes 
displacement due to mass loading, we used 
(2-1) òdB = 20 log(dexp/dref) — 20 log(dcontrol/dref) 
or 
(2-2) dB = 20 log(dexp/dcontrol) 


Here, ÓdB is the change in decibels of the stapes dis- 
placement that occurred after the implant was placed 
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Fig 8. Frequency response curves of stapes footplate displacements measured in 9 bones (group B) with pure tone acoustic 
signals of 90 dB SPL at tympanic membrane. A) Control data. B) Experimental data from implant model 2. 
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Fig 9. Comparison of mean (+SE) peak-to-peak displacements measured at stapes footplate in control and experimental stud- 
ies in groups A and B with two implant masses. A) Group A (N = 8), implant mass model 1. B) Group B (N = 9), implant mass 


model 2. 


on the ossicles; dexp and dcontrol are stapes displace- 
ments measured in the experimental and control stud- 
ies, respectively; and dref is the reference displace- 
ment. 


Using equation 2, we calculated decibel changes 
in footplate displacement due to implant mass load- 
ing on the incudostapedial joint. Figure 10 compares 
the mean decibel changes in stapes displacement that 
occurred with implant models 1 and 2 when the SPL 
at the tympanic membrane was 90 dB Standard er- 
ror bars are not shown, so as not to obscure the mean 
data. The maximal drop in stapes displacement (5 
dB) was observed at 1,500 Hz, or 6,000 Hz for bones 
with an implant mass of 37.5 mg (model 1). The im- 
plant mass of 22.5 mg in the group B bones resulted 
in a maximum drop of 3 dB at 1,500 Hz (model 2). 
There is no obvious difference between the two tested 
implants at low frequencies (250 to 750 Hz). How- 
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Fig 10. Comparison of changes, with respect to control, 
in stapes footplate displacement in human temporal bones 
after implantation with two types of implants, models 1 
and 2. 


ever, the lower-mass implant (model 2) showed less 
attenuation of stapes displacement at high frequen- 
cies (above 1,000 Hz) than did model 1. The aver- 
age effect of the lighter implant, model 2, on stapes 
displacement was decreased by 2.6 dB across the fre- 
quency range of 1,000 to 8,000 Hz. 


DISCUSSION 


The effects of changes in ossicular mass on middle 
ear transfer function have been studied in cats, hu- 
mans, and human temporal bones by a variety of 
methods, including the most recent technology, 
LDI.7220-23 The effect of mass loading of middle ear 
prostheses, including total ossicular replacement 
prostheses (TORPs) and partial ossicular replacement 
prostheses (PORPs), on sound transmission has also 
been reported. Nishihara and Goode!? used human 
temporal bones and LDI to study incus replacement 
prostheses and found that displacement of the stapes 
footplate was decreased above the resonance frequen- 
cy (1,000 Hz) by additional mass fixed to the middle 
ear prostheses. Rosowski and Merchant,?^ using sim- 
ulations based on electrical circuit models, showed 
that the addition of masses to middle ear prostheses 
caused a high-frequency loss in the middle ear. Re- 
cently, Meister et al2? examined several TORPs and 
PORPs using a standardized measurement system 
and reported that the implant prostheses with the high- 
est mass showed the lowest sensitivity in the high- 
frequency area. In this study, we did not replace the 
ossicles by middle ear prostheses. The middle ear 
remained intact, and the implant mass, a component 
of the middle ear implantable device, was added to 
the ossicular chain. We measured stapes displace- 
ment before and after ossicular implantation in me- 
chanically normal temporal bones. Thus, our data 
provide important information for predicting the ef- 
fect of implant mass loading on residual hearing in 
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human subjects after implantation. 


Our results show the linearity of the normal middle 
ear transfer function as frequency response curves 
of the stapes footplate displacement in response to 
the sound input levels at the tympanic membrane. 
That linearity did not change in ears with added im- 
plant masses. As shown in Figs 5 and 6, when the 
input SPL varied from 80 dB to 90 and 100 dB, the 
corresponding increase of the footplate displacement 
for each 10-dB SPL change was equal to 10 dB over 
the frequencies of 250 to 8,000 Hz. The curves dis- 
played in Figs 5 and 6 may not show perfect linear- 
ity at higher frequencies (22,000 Hz) because of the 
limited number of data points, especially at the 80- 
dB sound input level. For the same reason, not all 
data points are shown across the whole frequency 
range in Figs 7 and 8. However, the linearity of the 
middle ear transfer function in terms of frequency 
response curves of stapes displacement is clearly 
shown for most auditory frequencies, especially at 
the input levels of 90 and 100 dB SPL. 


In general, adding mass to the ossicular chain in- 
terferes with sound transmission because of the me- 
chanical loading effect, which results in reduced sta- 
pedial movement. The degree of attenuation in stapes 
displacement depends on the additional mass load 
on the ossicles and the stiffness of the middle ear 
structure. In our study, each bone served as its own 
control, and thus, the effect of individual ear stiff- 
ness was eliminated from the results. 


Our results show that mass loading on the ossicles 
has a detrimental effect on movement of the stapes 
footplate. An average decrease of 1.6 dB at low fre- 
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quencies (250 to 750 Hz) was observed in 8 bones 
with an implant mass of 37.5 mg, and a 1.3-dB de- 
crease in 9 bones with an implant mass of 22.5 mg. 
The maximum decrease occurred at frequencies above 
1,000 Hz. Our results agree with data obtained by 
Nishihara and Goode? and others regarding the ef- 
fect of additional mass on the ossicles on middle ear 
dynamics. A comparison of the data obtained from 
the 2 types of implant masses in Fig 10 further in- 
dicates that the greater the implant mass, the greater 
the decrease of stapes displacement, particularly at 
high frequencies. Therefore, the passive mass load- 
ing on the ossicles is a critical factor influencing sound 
transmission through the middle ear and must be con- 
sidered in the design of middle ear implantable de- 
vices. 
CONCLUSIONS 

These data suggest that residual hearing will be 
affected if a person undergoes implantation of addi- 
tional mass on the middle ear ossicles. One of the 
likely reasons for residual hearing loss would be im- 
plant mass loading on the middle ear mechanics. Our 
studies provide important data for evaluating the po- 
tential effect of an implant at the incudostapedial joint 
on the footplate movement and the frequency re- 
sponse. The higher the implant mass, the higher the 
effect on residual hearing as observed through our 
temporal bone studies. These results may lead to fur- 
ther investigations of the quantitative relationships 
between ossicular mechanics and implant mass. It is 
also expected that the mass loading effect on residual 
hearing predicted in this study will be confirmed in 
clinical trials of IMEHDs in which mass loading of 
the ossicles occurs. 
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VOLUME OF MASTOID PNEUMATIZATION: THREE-DIMENSIONAL 
RECONSTRUCTION WITH ULTRAHIGH-RESOLUTION COMPUTED 
TOMOGRAPHY 
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The volume of the mastoid air cell system was measured in 69 patients with normal middle ears. All patients underwent axial ul- 
trahigh-resolution computed tomography. Mastoid pneumatization was marked on each axial slice, and 3-dimensional reconstruction 
was performed. The volumes were measured with a volumetric algorithm. A polyethylene tubing phantom with a density similar to 
that of bone on computed tomography was devised. The polyethylene tubing was tied in a particular fashion so as to create intercon- 
necting air spaces with a known volume. The phantom was scanned with the imaging parameters used for scanning the temporal bone. 
The air in the tubing was marked, and 3-dimensional reconstruction for the marked phantom air was performed. The volume of the 
interconnecting air spaces was measured and found to be identical to its known volume, thereby verifying the accuracy of the method 
used. The mean mastoid volume was 6.61 cm?. The smallest volume measured was 1.3 cm, and the largest was 12.7 cm?. The 
importance of this technique lies in its high accuracy, ease of use, and ability to directly correlate mastoid size and clinical findings. 


KEY WORDS — eustachian tube, mastoid pneumatization, measurement of mastoid pneumatization, middle ear aeration. 


INTRODUCTION 


The total amount of gas found in the middle ear 


(ME) is determined by the gas exchange between 
the ME and the nasopharynx, through the eustachian 
tube (ET), and the exchange between the ME and 
the blood-tissue compartment surrounding it, across 
the ME mucosa. Compromised ME aeration is a situ- 
ation in which the amount of gas leaving the ME 
cavity exceeds the amount of gas entering the ME 
cavity, thereby creating a gas deficit in the ME. 


More important than the gas deficit is the nega- 
tive pressure that accompanies it, for it is the nega- 
tive pressure that is responsible for the adverse bio- 
logical effects of imbalanced ME aeration. The best 
clinical example of ME underaeration is the atelec- 
tatic ear. Because of a failure of the ME aeration 
mechanism, a gas deficit develops in the ME. and a 
negative pressure is built there. When this negative 
pressure is high enough to overcome the internal ri- 
gidity of the tympanic membrane (TM), the TM leans 
inward. | 

It is possible to have a ME gas deficit without a 
significant negative pressure and without a signifi- 
cant TM atelectasis. This can be achieved if the defi- 
cit occurs in a ME with a very large cavity, ie. if the 
deficit occurs in a ME that is connected to a large 


mastoid air cell system. The following example clari- 
fies this principle: when a certain amount of gas — 
| mL, for example — is withdrawn from the ME 
cleft, some negative pressure is expected to develop 
there. But whereas a l-mL gas loss from a 2-cni? 
ME cleft (50% of what exists there) will result in a 
high negative pressure, the same 1 mL of gas lost 
from a 20-cm? ME cleft (only 596 of what exists there) 
will cause a much smaller decrease in pressure. There- 
fore, in the case of the small mastoid process (the 2- 
cm? ME cleft), a severe TM atelectasis is expected 
to develop, while in the case of the large mastoid 
process (the 20-cm? ME cleft), probably no atelecta- 
sis will be seen. Thus, the degree of ME negative 
pressure depends on gas gain and loss through the 
ET and through the mucosa, and on the size of mas- 
toid pneumatization.23 


In this study we focused on the total volume of 
mastoid pneumatization and endeavored to come up 
with as accurate a value as possible after measuring 
a large number of temporal bones, so that we would 
be confident that a correct normal distribution would 
be achieved. 


MATERIALS AND METHODS 


The present study consists of patients referred for 
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Patient position 


Scan diameter 

Slice thickness 
Slice increment 
Table speed 
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TABLE 1. IMAGING PARAMETERS OF ULTRAHIGH- 
RESOLUTION COMPUTED TOMOGRAPHY OF 
TEMPORAL BONE 


Head in, face up 


250 mm 
1.1 mm 
0.5 mm 
1.5 mm/s 


Voltage 120 kV 
Sequence length 70 mm 
Sequence time 33s 
Milliampere seconds 117 

Scan angle 360° 
Resolution Ultrahigh 
Slices per scan Dual 
Angle of sampling High 
Filter 45% ied 
Image matrix 512512 
Rotation angle 0f 

Center x,y 0.0 
Recording zoom XI 
Image zoom oo Es, 

Tilt 0? 
Swivel 0? 

Scan protocol Helix 


a computed tomography (CT) scan of the temporal 
bone for various reasons other than disease of the 
ME cavity. [Inclusion of a scan was based on the refer- 
ral note of the referring physician stating that the ME 
was normal. The patients were not exposed to any 
excess radiation other than that necessary for inves- 
tigating their underlying disease, which in most cases 
was suspicion of a space-occupying lesion in the in- 
ternal auditory canal. 


Altogether, 69 adults (138 ears) were scanned. All 





Fig 1. Phantom air cell system used to mimic structure 
of mastoid air cell system. Phantom consisted of poly- 
ethylene tubing, whose density on computed tomogra- 
phy (CT) is similar to that of bone (500 Hounsfield units), 
tied in particular fashion so as to create interconnecting 
air spaces with known volume of air. 





Fig 2. Axial CT scan of phantom air cell system, with 
boundaries of air-containing spaces marked. C'T scan was 
done with same imaging parameters used for temporal 
bone (mastoid) scanning. 


patients underwent a CT scan of the temporal bone. 
The axial scans were of 1.1-mm thickness, with in- 
crements of 0.5 mm. The scans were done with à 
Turbo Twin Flash Helical CT scanner supplied by 
Elscint, Haifa, Israel. The images were transmitted 
to an Indy Silicon Graphics (Mountain View, Calif) 
workstation and processed 3-dimensionally and semi- 
automatically with Omnipro 2.3 software provided 
by Algotech, Ra’anana, Israel. Table | shows the 1m- 
aging parameters used. The parameters were exam- 
ined together with a software applications engineer 
from Elscint (author D.R.) in order to ascertain the 
mathematical accuracy of the system and to evalu- 
ate the potential for improving on the system accu- 
racy by upgrading the parameters. 


In order to check the calculated accuracy of the 
system, we created a phantom model. The phantom 
consisted of a polyethylene tube of which the den- 
sity was found to be similar to that of bone on CT: 
500 Hounsfield units. The tubing contained air, as 
does the mastoid air cell system. The phantom mod- 
el was tied in a particular fashion so as to create in- 
terconnecting air spaces (Fig 1). In this way, the phan- 
tom model indeed mimicked the mastoid air cell sys- 
tem. The volume of air contained in the interconnect- 
ing air spaces in the phantom model was known to 
be 3.6 cm?. We could now use the phantom model to 
check the accuracy of the system that was aimed at 
measuring the mastoid pneumatization, since we had 
a structure similar to the mastoid air cell system in 
densities and in structure. The phantom was im- 
mersed entirely in a water bath to make sure that the 
only air to be found in the system was that contained 
in its interconnecting spaces. The phantom system 
was then scanned by the imaging parameters pre- 
sented in Table 1 (the same imaging parameters that 
were intended to be used for mastoid pneumatiza- 
tion measurement). The air in the phantom system 
was then identified and marked on each slice of the 
phantom scan (Fig 2). A 3-dimensional (3-D) recon- 
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Fig 3. Three-dimensional reconstruction of air-contain- 
ing spaces of phantom air cell system, made in order to 
check accuracy of measuring system. 


struction (Fig 3) of the marked air was performed, 
and the resulting volume, which was the air contained 
in the phantom system, was measured to be 3.6 + 0.7 
cm", identical to its known true volume. 


The accuracy obtainable when making 3-D mea- 


surements of a scanned object depends on a number 


of variables: the maximal system resolution of the 
scanner, the maximal resolution of the displav (ma- 


trix resolution), and the software used (accuracy of 


the software as pertains to its algorithm for 3-D volu- 





metric measurements) — in this case, Omnipro 2.3. 
The maximal system resolution of the scanner is ob- 
tainable by using a D-type filter (the smallest type 
available) and scanning in ultrahigh-resolution mode. 
as was done with all of our patients. With these pa- 
rameters, the cutoff point for the scanner is 20 line 
pairs per centimeter; in other words, the scanner can 
be calculated to differentiate between lines 0.25 mm 
thick. The matrix resolution with the imaging param- 
eters used is less than that — 0.32 mm — and is the 
maximal degree of accuracy for our system. The 
mean standard deviation of the 3-D algorithm for vol- 
ume measurement of all the temporal bones mea- 
sured was 13.2% (0.85 cm?). 


On the scanner screen, each axial slice of every 
temporal bone was examined, and gas in the ME and 
mastoid process was identified and marked. Air in 
the external ear canal was excluded. All air cells were 
meticulously checked to be certain that they were in- 
cluded, from the most inferior to the most superior, 
including petrous apex cells wherever they were found 
to exist (Fig 4). A 3-D reconstruction was performed 
(Fig 5) from the 3-D algorithm, and the resulting vol- 
ume was measured and recorded. Each volume was 
measured 3 times to ensure that identification of the 
mastoid air cells" boundaries had been consistent. 


statistical analysis comparing the sexes and com- 
paring left and right mastoid cavities was done with 
student's r-test for independent variables. Analysis 


Fig 4. Axial CT scan of temporal bone: 
superiormost slice of mastoid air cell 
system (upper left quadrant), inferior- 
most slice (lower left quadrant), and ax- 
ial slice with air in mastoid marked (up- 
per right quadrant). 
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Fig 5. Three-dimensional reconstruction of gas contained 
in mastoid air cell system, as reconstructed with Omnipro 
2.3 three-dimensional algorithm. 


of the variance was performed with the Levern test. 
Two-tailed p values of .05 were considered to be sta- 
tistically significant. 


RESULTS 


Altogether, 69 patients were included in the study 
(30 men and 39 women). The average ages were simi- 
lar for the sexes: 54.6 years for the men and 51.5 
years for the women. The age range was from 26 years 
to 88 years for the men, and 18 years to 88 years for 
the women. The average (tSD) mastoid volume was 
6.61 + 2.7 cm? overall (Table 2). The mastoid vol- 
umes ranged from 1.3 to 12.7 cm’. 


A cumulative bar chart depicting all of the mas- 
toid processes measured resembles a gaussian-type 
curve that can be assumed to be representative of the 
normal adult population (Fig 6). 


The average mastoid volume for men was 7.22 + 
2.92 cm? (7.22 € 2.95 cn? for the left-sided mastoid 
processes and 7.22 + 2.89 cm? for the right-sided mas- 
toid processes). For women, the average mastoid vol- 
ume was 6.13 + 2.48 cm? (6.10 + 2.53 cm? for the 
left side and 6.17 + 2.43 cm? for the right side). No 
statistically significant difference was found between 





ir 





Fig 6. Bar chart of mastoid volume in cu- 
bic centimeters according to incidence of 
volume, divided into groups by I-cm? in- 
crements. 


NO. OF EARS 





TABLE 2. MEAN VALUES OF MASTOID VOLUME 
ACCORDING TO SEX AND SIDE 





Mean Mastoid Volume (cm ) 


Left Right lotal 
Men 7.224295 722r289 7.22 +2.92 
Women 6.10 € 2.53 O6:1147T2:43 6. | 2.48 
Total 6.59 t 2.76 6.63 t2] 6.6 2.70 





men and women (Table 2) or between left and right 
sides. 


DISCUSSION 


Several measurements of mastoid pneumatization 
have been performed over the past 40 years, with use 
of planimetry,* impedance audiometry,° the princi- 
ples of the gas laws,’ and also CT,’ but without 3-D 
reconstruction. The last authors? made use of axial 
CT. They calculated the area, which was then multi- 
plied by the thickness of the axial slice for the third 
dimension. The study was performed in 1987, and 
computerized 3-D reconstruction was not used. There- 
fore, their method was impractical for measuring 
large numbers of temporal bones. Also, the system 
itself was not checked for accuracy, and ultrahigh- 
resolution CT was not used — a pitfall that might 
reduce that method's value for measurement of very 
small mastoid processes, which is our eventual tar- 
get. 


The claim that gas loss from a small mastoid pro 
cess is expected to create a severe TM atelectasis, 
and that the same gas deficit in a ME with a large 
mastoid process will probably not create any atelecta- 
sis (since the negative pressure will not be large 
enough to overcome the internal rigidity of the TM), 
was proven experimentally by Yokobori et al.” Us- 
ing a model of a ME with different mastoid sizes. 
they showed that the same gas deficit created a much 
more significant retraction of an artificial TM when 
no mastoid process existed, as compared to a mas- 
toid process of 60 cm?. The artificial TM of their 
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ME model was made of purified fibrous atelocollagen 
from bovine derma. They judged the severitv of the 
retraction by the degree of tension that resulted in 
each of these artificial TMs. The degree of :ension 
was evaluated under a magnification of view of 100x 
with light-green staining. When the retraction of the 
artificial TM was severe, as happened in the model 
with no mastoid process, the degree of tension on 


the artificial TM was high, and so the structure of 


the collagen membrane became rough because of the 
destruction and disorientation of the collagen fibers. 
In the ME model with a large mastoid process, the 
degree of tension on the artificial TM was lcw, and 
so very little deformation was present in the collagen 
membrane of the artificial TM.? This principle was 
demonstrated clinically by Sadé et al,2 who showed 
that the severity of pars flaccida atelectasis was in- 
versely correlated with the size of mastoid pneuma- 
tization. The same principle is expected to work also 
when gas is added to the ME. Elam et al? found that 
the rate at which positive pressure builds in the ME 
during nitrous oxide anesthesia is much higher in pa- 
tients with small mastoid processes than in patients 
with large mastoid processes. 


The individual variation of mastoid size is very sig- 
nificant, and the extent of mastoid pneumatization is 
a continuum. Also, the size of the various mastoid 
cells in each individual subject might be of impor- 
tance when one tries to quantify the role played by 
the mastoid process as a ME pressure buffer.!? The 
volume of each cell in the mastoid processes mea- 


sured was not addressed in the present study. 


We are all aware that a small mastoid process is 
linked with chronic ME disease, but we also know 
that normal aeration can exist in ears with small mas- 
toid processes. This can probably happen if all other 
factors involved in the aeration mechanism of the 
ME are functioning optimally. But what is the mini- 
mal volume of the mastoid process that can over- 
come failures of other aeration mechanisms? Is there 
an optimal volume? What is the exact volume at which 
one would be very likely to encounter a chronic ME 
aeration problem with even a minute failure of other 
aeration mechanisms? Or, more clinically, what is 
the volume of mastoid process with which the chance 
of performing a successful tympanoplasty in a young 
child is significantly low (a question that has not been 
satisfactorily answered in studies that have regarded 
only ET function as a variable)? !!-12 


The importance of the method devised in the pres- 
ent study is its high accuracy, its relative ease of use, 
and the fact that by using modifications of the meth- 
od, we can directly correlate the clinical picture to 
the volume of mastoid pneumatization. We hope that 
our data will be of use in concert with physiological 
data gathered in various clinics and laboratories in 
drawing a full picture of the aeration mechanism of 
the ME and in establishing a general theory for it. 
The general theory should explain as many as pos- 
sible of the clinical phenomena related to ME aera- 
tion, especially those that are seemingly contradic- 
tory at this time. 
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INTRODUCTION 


Posttraumatic pseudoaneurysms of the internal ca- 
rotid artery (ICA) are uncommon. However, a severe 
head injury associated with a skull base fracture may 
give rise to such lesions, which often present as de- 
layed massive bleeding with potentially fatal conse- 
quences.'? Pseudoaneurysms are pulsating hemato- 
mas and occur after injury to all layers of the arterial 
wall. The center of the hematoma liquefies and con- 
tains flowing blood that communicates with the ar- 
terial lumen, while the periphery of the hematoma 
clots, forming the wall of the aneurysm.? The major- 
ity of traumatic ICA pseudoaneurysms are based in 
the cavernous segment, and those in petrous bone are 
extremely rare.? 


We report a case of posttraumatic tympanic pe- 
trous ICA pseudoaneurysm due to gunshot injury and 
present computed tomography (CT), magnetic reso- 
nance angiography (MRA), and carotid angiography 
findings. To our knowledge, such a lesion has not 
been previously reported. 


CASE REPORT 


A 5-year-old patient was referred to the Depart- 
ment of Otolaryngology, Helsinki University Hospi- 
tal, from an outside hospital for evaluation of a sud- 
den episode of vigorous epistaxis. The bleeding had 
been severe enough to result in loss of conscious- 
ness. The epistaxis had stopped spontaneously, and 
the patient's condition was stabilized by blood trans- 
fusion. 


The young patient's history was tragic. Before his 
current presentation, he had been the victim of a 
shooting incident 1.5 years earlier. The handgun bul- 
let had entered his skull via the right ear canal, had 
traveled obliquely through the retropharyngeal space, 
and finally had come out just below the left mandi- 





ble. Amazingly, the patient had made a full recovery, 
except for the right ear, which developed a chronic 
middle ear infection with conductive hearing loss. 


A contrast-enhanced CT scan demonstrated a de- 
hiscence and a fracture of the right bony hypotym- 
panic wall covering the ICA and an enhanced mass 
anterior to the ICA, protruding into the hypotym- 
panum (Fig 1). The CT scan raised the suspicion of 
ICA pseudoaneurysm, and therefore, 3-dimensional 
time-of-flight MRA was performed (Fig 2). The MRA 
confirmed the diagnosis by showing a petrous ICA 
pseudoaneurysm with a narrow isthmus connecting 
it to the ICA. The location of the pseudoaneurysm 
on MRA matched that of the enhanced hypotympanic 





Fig 1. Contrast-enhanced computed tomographv scan at 
level of hypotympanum shows dehiscence and fracture 
of right bony hypotympanum wall (compare to normal 
left side; large white arrow) and contrast-enhanced le- 
sion (large black arrow), anterior to internal carotid ar- 
tery (ICA; small black arrows), protruding into hypotym 
panum. Right hypotympanum is filled with blood (small 
white arrow ). 
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Fig 2. Three-dimensional time-of-flight magnetic reso- 
nance angiography in anterior-posterior projection shows 
pseudoaneurysm (asterisk) in petrous ICA. Narrow isth- 
mus connects ICA to pseudoaneurysm (arrow ). 


mass on the CT scan. A decision was made to em- 
bolize the pseudoaneurysm with an endovascular de- 
tachable coil. Carotid angiography verified a con- 
trast-filled pseudoaneurysm in the petrous ICA just 
before the coil installation (Fig 3). After the proce- 
dure, the pseudoaneurysm was obliterated and was 
not distinguishable on follow-up angiography (Fig 
4). The treatment was successful, and the patient has 
not had any further episodes of epistaxis. 


DISCUSSION 
Epistaxis caused by a traumatic ICA pseudoaneu- 
rysm usually occurs within 3 weeks after the initial 
injury. However, massive hemorrhage may be de- 
layed by months or even years.* This observation 
is in line with our case, in which vigorous bleeding 
took place 1.5 years after the head trauma. The de- 


lay is possibly explained by the time necessary for 


the traumatic event to weaken the ICA wall. Pseudo- 
aneurysms located in the cavernous segment of the 
ICA may rupture into the sphenoid sinus, and cervi- 
cal ICA pseudoaneurysms may rupture into the eus- 


tachian tube or the posterior nasopharynx.?-*? [n our 


case, the rupture and ICA bleeding were into the na- 
sopharynx and eustachian tube. 

Carotid angiography is a traditional tool for diag- 
nosing suspected vascular injuries. In the case of a 





Fig 3. Digital subtraction ICA angiography in side pro- 
jection, performed before endovascular coil emboliza- 
tion, demonstrates contrast-filled pseudoaneurysm in 
petrous ICA (arrow). 
pseudoaneurysm, it typically shows an outpouching 
from the ICA, which is the wall of the pseudoaneu- 
rysm. The lumen is generally radiopaque and fills 
with contrast material. However, MRA provides ex- 
cellent noninvasive visualization of vascular injuries 
of the temporal bone without the risk of complica- 
tions associated with carotid angiography.^ On the 
other hand, high-resolution CT is commonly per- 
formed after head trauma to evaluate possible brain 
and bone damage. Certain findings on CT suggest 
the possibility of a tympanic ICA pseudoaneurysm 
and should prompt MRA or carotid angiography for 
further evaluation. For example, a fracture or dehis- 
cence of the bony hypotympanic wall and a mass ad- 


jacent to the petrous ICA should increase suspicion 


of a pseudoaneurysm. 


Treatment of ICA pseudoaneurysms is aimed at 
maintaining normal vessel flow and preserving neu- 





Fig 4. Digital subtraction ICA angiography in side pro- 
jection, performed after endovascular coil embolization. 
Pseudoaneurysm is obliterated, and blood flow through 
ICA is preserved. 
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rologic function. Endovascular embolization with a 
detachable coil and/or detachable balloon occlusion 
is an effective treatment with many advantages.’ It 
preserves the normal artery function, is easier to ac- 
complish than surgical ligation or clipping, and may 
be used in areas that are relatively inaccessible by 
surgical alternatives. In our case, endovascular embo- 
lization with a detachable coil was successfully used. 


Posttraumatic ICA pseudoaneurysm with second- 
ary epistaxis is a rare and potentially fatal complica- 
tion of head trauma. That the diagnosis is often de- 
layed significantly contributes to the high mortality 
rate — as high as 50%.’ Therefore, any patient with 
epistaxis and a history of prior serious head injury 
should be examined for a possible ICA pseudoaneu- 


rysm. 


REFERENCES 


1. Hern JD, Coley SC, Hollis LJ, Jayaraj SM. Delayed mas- 
sive epistaxis due to traumatic intracavernous carotid artery 
pseudoaneurysm. J Laryngol Otol 1998;112:396-8. 


2. Chen D, Concus AP, Halbach VV, Cheung SW. Epistaxis 
originating from traumatic pseudoaneurysm of the internal ca- 
rotid artery: diagnosis and endovascular therapy. Laryngoscope 
1998; 108:326-31. 


3. Batten TF, Heeneman H. Traumatic pseudoaneurysm of 
floor of mouth treated with selective embolization: a case re- 
port. J Otolaryngol 1994;23:423-5. 


4, Chambers EF, Rosenbaum AE, Norman D, Newton TH. 


Traumatic aneurysms of cavernous internal carotid artery with 
secondary epistaxis. AJNR Am J Neuroradiol 1981;2:405-9. 


5. Simpson RK Jr, Harper RL, Bryan RN. Emergency bal- 
loon occlusion for massive epistaxis due to traumatic carotid- 
cavernous aneurysm. Case report. J Neurosurg 1988;68:142-4. 


6. Bold EL, Wanamaker HH, Hughes GB, et al. Magnetic 
resonance angiography of vascular anomalies of the middle ear. 
Laryngoscope 1994;104:1404-11. 


7. Wang AN, Winfield JA, Gucer G. Traumatic internal ca- 
rotid artery aneurysm with rupture into the sphenoid sinus. Surg 
Neurol 1986;25:77-81. 


LETIER IO THE EDITOR 


To the Editor: 


In the past 2 years I have been aware of a puzzling movement- 
induced transient tinnitus for which no definite explanation has 
yet been found. Accordingly, I seek possible answers from some 
of your readers. The acoustic effect is readily and consistently 
evoked by abrupt voluntary head rotation to either side through 
an arc of 20° to 30° and consists of a soft tone. It lasts perhaps 
a half-second or so, is not lateralized, and is matched on audiom- 
etry at approximately 750 Hz. I have found among acquain- 
tances 2 individuals with similar responses to this kind of head 
jolt; both were unaware of this effect in themselves until they 
carried out the motion on instruction. The age range in this 
group of 3, all males, is 53 to 85; possibly relevant, all of us have 
moderate presbycusis. 


In a year's search of the medical literature, including Med- 
line, I have found no mention of this specific variety of tinnitus, 
nor has any of the half-dozen research otologists whom I have 


contacted heard of it. I believe it can easily be overlooked, for 
itis so fleeting and soft and dependent on a type of sudden head 
motion unlikely to occur in ordinary activities. I speculate that 
this response to brief angular acceleration in ampullae of the 
horizontal semicircular canals is inappropriately transferred 
from vestibular to acoustic pathways at some level within the 
central nervous system, in the brain stem or above. Such a pro- 
cess is comparable to examples of anomalous transmodal acti- 
vation in other sensory systems as described in the past 2 de- 
cades. It is possible also that the presbycusis in the heremen- 
tioned subjects, by its partial “deafferentation” effect, permits 
or enhances the evoked tinnitus. 

It is evident to me, a neurologist and no otologist, that much 
more data and sounder suggestions are needed to explain this 
intriguing benign noise. 

E. CHARLES KUNKLE, MD 
PO Box 17 
South Freeport, ME 04078-0017 


BOOK REVIEW 


Salivary Gland Tumours 


Jerzy Klijanienko and Philippe Vielh. Hard cover, illustrated, 
indexed, 141 pages, 2000. Karger AG, Basel, Switzerland, 
2172.25. 


As stated in the introduction to this segment, volume 15, of 


Monographs.in Clinical Cytology, "This volume is designed to 
describe the cytological diagnostic criteria of salivary gland tu- 
mours, to demonstrate that fine-needle aspiration cytology can 
be a simple and reliable method of diagnosis, and to dispel a 
number of common misconceptions related to fine-needle aspi- 
ration cytology in this area" (page 1). Its primary focus is there- 
fore directed toward clinical cytologists, rather than the surgical 
community. Because fine-needle aspiration cytology nas be- 
come an increasingly common and important diagnostic tool in 
the management of head and neck tumors, it is appropriate to 
review this text from the point of view of otolaryngology—head 
and neck surgery. 


The monograph makes use of the extensive and well-docu- 
mented clinical experience of the Institut Curie, Paris, where a 
multispecialty approach to salivary gland cytology has been 
used since 1954. It first presents a review of the history of sali- 
vary gland cytology, along with the current indications and the 
accuracy of the technique as delineated by the recent medical 
literature. It then goes on to review the steps of obtaining fine- 
needle aspirate specimens and the basic and ancillary tech- 
niques that can be used to evaluate them. After giving several 
examples of imaging of salivary gland tumors, the volume ap- 
proaches its main goal of illustrating and comparing the cyto- 
logic appearance of the normal components of salivary glands, 
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benign and malignant tumors, lymphomas, and a collection of 
tumorlike lesions. 


The bulk of this work consists of illustrations and descrip- 
tions of representative cytology as described above. Several of 
the illustrations are complemented by comparable histologic 
photomicrographs with which the head and neck surgeon might 
be more familiar. The preparation and stain quality of these 
photos, as well as their print quality, is no less than spectacular. 
They are arranged ina logical manner, and a single type of tumor 
with its differential can be found easily. The work appears to be 
all-inclusive. This section is liberally sprinkled with tables re- 
porting the correlation from the literature between cytologic and 
histologic diagnosis. All in all, this monograph amply fulfills its 
stated goals and is aesthetically pleasing in its execution. 

Cytology is becoming increasingly important in the diagno- 
sis of head and neck masses, and certainly one of the most chal- 
lenging areas of head and neck surgery is the identification of 
salivary tissue pathology. With more and more head and neck 
surgeons performing fine-needle aspiration and producing the 
smears for the cytologist to read, it behooves our specialty to 
expand our historical strength in regional histology to include 
cytology. On the other hand, this volume provides more than an 
individual head and neck surgeon is likely to want on this topic, 
and it comes at a stiff, if justifiable, price. I would think this 
would be an essential volume for an academic department li- 
brary, or for a multispecialty clinic dealing with head and neck 
tumors. It will undoubtedly become required reading for anyone 
with whom the diagnostic buck stops. 

RICHARD W. BABIN, MD 
Covington, Tennessee 
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Presently, the basic structures and spaces of the paranasal sinuses are more clearly understood by otolaryngologists than ever 
before. Yet, the more subtle and complex ethmoid features, especially of the ethmoidal pre-recesses and recesses, still elude many 
otolaryngologists. One of the most nebulous, elusive, and difficult-to-understand recesses is the sinus lateralis, or as it is more 
correctly called, the retrobullar and suprabullar recesses. The primary purpose of this investigation was to ascertain the prevalence of 
the sinus lateralis in humans. The secondary purpose was to better characterize this subtle feature of ethmoid anatomy. Human 
cadaver sinonasal complexes were meticulously dissected by both gross and endoscopic techniques. The hiatus semilunaris superior 
and sinus lateralis were present in all specimens. A separate and discrete retrobullar recess was present in 93.8%. Typically, a 
crestlike projection from the basal lamella to the lamina papyracea was noted within the posterior aspect of the retrobullar recess. A 
single, discrete, well-developed suprabullar recess was present in 70.9%, and a rudimentary suprabullar recess was present in 22.9%. 
In 7.296, a single large cleft collectively excavated the retrobullar and suprabullar recess areas; separate retrobullar and suprabullar 
tracts were not present in this subgroup. Typically, the suprabullar recess was separate from and did not communicate with the frontal 
recess. The data from this investigation indicate that the separate terms retrobullar recess and suprabullar recess more accurately 


designate the anatomy and are recommended over the term sinus lateralis. 


KEY WORDS — endoscopic sinus surgery, paranasal sinuses, retrobullar recess, sinus lateralis, suprabullar recess. 


INTRODUCTION 


The modern rhinologic surgeon is continuously 
challenged to maintain precise orientation during eth- 
moid dissection, as the surgical field is replete with 
anatomic variations. Each patient's ethmoid sinus is 
unique; like fingerprints, no two ethmoid sinuses are 
exactly the same. In this light, it is easy to under- 
stand why the ethmoid sinus has been traditionally 
referred to as the labyrinth. 


Surgeons can meet the challenge of performing 
safe and accurate ethmoid surgery by recognizing 
subtle but consistent anatomic features present in 
nearly all patients. Until recently, these structures and 
spaces were not well appreciated by most modern- 
day otolaryngologists. However, after the introduc- 
tion of the sinus endoscope, interest in and apprecia- 
tion of sinonasal anatomy increased. At first, “new” 
structures and spaces were superficially appreciated. 
Later, with continued exposure and study, select rhi- 
nologists gained a deeper appreciation of the com- 
plex regional anatomy. These rhinologists presented 
the newly rediscovered anatomic concepts to a large 
number of practicing otolaryngologists. The concepts 
were challenged initially, then superficially under- 
stood, explored, accepted, and finally understood on 
a deeper level by many otolaryngologists. Clearly, 
the ethmoid sinus 1s a complex 3-dimensional space 


with highly variable structures and subspaces. Mas- 
tery is not possible on first contact. Rather, a true un- 
derstanding evolves over years of study. 


Although the basic sinonasal structures and spaces 
are more clearly understood by otolaryngologists than 
ever before, the more subtle and complex ethmoid 
features still elude many surgeons. One of the most 
nebulous and difficult-to-understand ethmoid fea- 
tures is the sinus lateralis (or, as it is more correctly 
called, the retrobullar and suprabullar recesses). Few 
informative resources are available to illuminate its 
nature. Standard otolaryngology textbooks and jour- 
nal articles provide limited information, and a dedi- 
cated comprehensive analysis of the sinus lateralis 
has not been conducted. Even studies to provide the 
most basic information, such as the prevalence of 
the recess, have not been undertaken. The paucity of 
information in this regard hinders otolaryngologists' 
understanding of this region and thereby limits the 
level of sophistication of surgical care. Improving 
our understanding of this important space is there- 
fore clinically relevant. With an improved compre- 
hension, surgeons can expect to localize their pre- 
cise position within the ethmoid cavity better, per- 
form more complete ethmoid surgery, and, of impor- 
tance, approach the frontal recess in a more anatomi- 
cally sound fashion. 
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expressed herein are those of the authors and do not necessarily reflect the views of the US Navy or the US Department of Defense. 
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The term sinus lateralis appears to have been first 
introduced by Grunwald!? to describe a deepening 
or a broadening of the hiatus semilunaris superior. 
This broadening developed laterally, inferiorly, and 
superiorly from the hiatus semilunaris superior. In 
13% of specimens, there were 2 or 3 deepenings. He 
claimed that humans were the first to evolve this 
space and that it was not present in other primates. 
Grunwald also appears to have been the first to use 
the term hiatus semilunaris superior to identify the 
deepening or cleft behind the bulla in distinction from 
that anterior to the bulla, the hiatus semilunaris infe- 
rior. Information on the prevalence of the hiatus semi- 
lunaris superior or the sinus lateralis was not pro- 
vided. The term sinus lateralis was conspicuously 
absent from the English-language literature until re- 
cently. In the modern endoscopic era, Stammberger;? 
in his exceptional anatomic and clinical treatise, re- 
fers to the sinus lateralis as a cleft that ^when present" 
may extensively pneumatize and extend above and 
beyond the ethmoid bulla. He adds that the sinus lat- 
eralis is not a constant feature of ethmoid anatomy.? 
These comments suggest that the sinus lateralis is 
not present in all patients. In 1995, the Consensus 
Group on Anatomic Terminology and Nomenclature 
addressed the nomenclature by stating, “Grunwald’s 
term, sinus lateralis, is suitable anatomically, but the 
complete term, sinus lateralis sinus ethmoidalis is 
necessary to differentiate it from the lateral sinus in 
the brain."4(P!O As the latter term is impractical, the 
group recommended that the terms suprabullar recess 
and retrobullar recess be used.^ Despite their sugges- 
tions, the term sinus lateralis is still used liberally by 
otolaryngologists and otolaryngology educators. 


The primary purpose of this investigation was to 
ascertain the prevalence of the sinus lateralis (that 
is, the retrobullar and suprabullar recesses) in hu- 
mans. The secondary purpose was to better charac- 
terize this subtle feature of ethmoid anatomy. 


MATERIALS AND METHODS 


Phase l. Ten adult human cadaver heads were used 
in this phase of the investigation. The specimens were 


randomly chosen and were not previously chemically | 


treated or dissected. All specimens initially under- 
went a standard computed tomography (CT) evalua- 
tion on a GE HiSpeed Advantage CT scanner, with 
bone (window, 4,000; level, 600) and soft tissue (win- 
dow, 350; level, 50) images with 1-second scan time, 
at 280 mA and 120 kV. Direct coronal images were 
obtained in 3-mm increments with 3-mm thickness, 
from the anterior limit of the frontal sinuses to the 
posterior limit of the sphenoid sinus. Direct axial im- 
ages were obtained in 5-mm increments with 5-mm 
thickness, from the palate to the superior limit of the 


frontal sinuses. The CT scans were then evaluated 
by an individual highly experienced in interpreting 
paranasal sinus CT scan anatomic data (W.E.B.). The 
scans were evaluated for the presence or absence of 
a sinus lateralis on each side. The sinus lateralis was 
defined as a variable cleft that is located above and 
behind the ethmoid bulla. Its borders include the lam- 
ina papyracea laterally, the roof of the ethmoid (si- 
nus) superiorly, the basal lamella of the middle tur- 
binate posteriorly, and the roof and posterior wall of 
the ethmoid bulla anteriorly and inferiorly.? An at- 
tempt was made to appreciate and record the extent 
and character of each sinus lateralis. 


After the CT evaluation, bilateral endoscopic dis- 
section of the paranasal sinuses was conducted. The 
procedure consisted of uncinectomy, anterior and pos- 
terior ethmoidectomy, sphenoidotomy, and complete 
frontal recess dissection. The presence of the hiatus 
semilunaris superior and sinus lateralis was noted, 
and an attempt was made to appreciate and record 
the extent and character of the sinus lateralis when 
present. Dissection was performed with a 0° and 30° 
4-mm nasal endoscope (Karl Storz Endoscopy—Amer- 
ica, Inc, Culver City, Calif). 


Phase 2. Thirteen adult human cadaver heads were 
used in this phase of the investigation. The speci- 
mens were chosen randomly and were not previously 
dissected or chemically treated. The cadaver heads 
were sectioned in the midline to create sagittal speci- 
mens for study (Fig 1A). If a sinonasal complex was 
violated or disrupted during sectioning, it was elimi- 
nated from the investigation. All dissections were con- 
ducted in a standardized fashion. The middle turbi- 
nate was reflected superiorly, and the hiatus semilu- 
naris superior was identified (Fig 1B). Dissection was 
initiated at the hiatus semilunaris superior and ex- 
tended from this central point. The bulbous lower 
portion of the middle turbinate was trimmed to al- 
low unimpeded access to the middle meatal struc- 
tures; however, the basal lamella was carefully pre- 
served and marked with blue acrylic paint to main- 
tain clearly its identity and integrity throughout the 
dissection (Fig 2A). The dissection was conducted 
in a meticulous fashion to delineate fully the sinus 
lateralis while preserving its boundary structures. ‘The 
specific relationship of the sinus lateralis to the frontal 
recess was ascertained in all specimens. All “pneu- 
matization tracts” were carefully identified and fol- 
lowed (Fig 2B-D). Acomplete sphenoethmoidectomy 
and frontal recess dissection was performed, and the 
dissection was photodocumented and sketched to cre- 
ate an accurate reference source. 


Phase 3. Twenty-four sinonasal-ethmoid complex- 
es were evaluated in this phase of the investigation. 
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Fig 1. Left lateral nasal wall spec- 
imen. A) Ready for dissection. B) 
With middle turbinate resected to 
demonstrate middle meatal ana- 
tomic structures. 


The specimens were obtained from 12 randomly cho- 
sen human cadaver heads that had not been previ- 
ously chemically treated or dissected. The endoscope 
was advanced into the middle meatus to identify the 
hiatus semilunaris superior. The presence of the si- 
nus lateralis was ascertained, and anatomic charac- 
teristics were noted. Using a 0? and 30° nasal endo- 
scope, we conducted an endoscopic dissection in a 
standardized fashion to ascertain the presence, ex- 
tent, and character of each sinus lateralis (Fig 3). The 
dissection was initiated by resecting the uncinate pro- 
cess. Next, a 3 x 3-mm window was created in the 
anterior face of the ethmoid bulla. Under viewing 
through the bullar window, the curved ball-tipped 





seeker was placed through the hiatus semilunaris su- 
perior and the retrobullar cleft. In this way. the pneu- 
matization tracts from the retrobullar cleft could be 
visualized and followed. Next, cutting forceps were 
used to resect the medial aspect of the bulla. The ma- 
jor course of the basal lamella through the ethmoid 
cells and its attachment to the lamina papyracea was 
examined. Next, the suprabullar recess was identi- 
fied and its pneumatization tract was carefully fol- 
lowed. Care was taken to correctly identify contigu- 
ous spaces and structures such as the recessus termi- 
nalis, the agger nasi cell, the entire uncinate process 
with special attention to its superior aspect, the fron- 
tal recess, the infundibulum, and any frontal cells. 
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To ensure accurate delineation of the frontal recess, 
the corresponding frontal sinus was trephinated and 
a malleable probe was carefully passed through the 
outflow tract into the nose. The entire bulla lamella 
was carefully dissected superiorly to identify its at- 
tachment to the skull base, when present. The pres- 
ence and origin of supraorbital pneumatization were 
ascertained, and the presence and location of the an- 
terior ethmoid artery were identified. The dissection 
was conducted meticulously so as to fully delineate 
the sinus lateralis and preserve its boundary struc- 
tures. All "pneumatization tracts” were carefully iden- 
tified and followed. The dissection was photodocu- 


& Retrobullar Recesses 


Fig 2. Dissection findings. A) 
Close-up view of ethmoid bulla 
(eb), uncinate process (up). retro- 
bullar recess (arrows), and projec- 
tion of basal lamella of middle 
turbinate to lamina papyracea 
with retrobullar recess (asterisk). 
Note that basal lamella of middle 
turbinate has been highlighted 
with blue acrylic paint to delin- 
eate clearly anterior and posterior 
ethmoid regions. B) Parasagittal 
view demonstrates separate retro- 
bullar recess (rbr). suprabullar re- 
cess (sbr), and frontal recess (fr). 
Projection of middle turbinate la- 
mella to bulla is evident between 
retrobullar and suprabullar re- 
cesses (open arrow). (Continued 
on next page.) 


mented and sketched to create an accurate reference 
source. 


RESULTS 


Phase 1. Twenty ethmoid sinus complexes were 
evaluated in 10 cadaver heads. Both CT scanning 
and endoscopic dissection revealed that the hiatus 
semilunaris superior was present in all specimens. 
Both CT and endoscopic dissection revealed that a 
variable cleft, the sinus lateralis, was present, behind 
and/or above the bulla in all cases. However, addi- 
tional accurate and reliable assessments as to the ex- 
tent and character of the sinus lateralis were not pos- 
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Fig 2, continued. C) Extent of 
retrobullar recess pneumatization 
is realized as medial surface of 
ethmoid bulla (eb) is removed. D) 
Dissection reveals attachment of 
bulla lamella and basal lamella of 
middle turbinate to skull base (ar- 
rows). Suprabullar recess (sbr) is 
extensive and pneumatizes above 
orbit. Frontal recess drainage 
pathway is clearly demonstrated 
by probe that descends from fron- 
tal sinus (f). Note that frontal re- 
cess and suprabullar recess are 
separate pneumatization tracts 
that do not communicate. In fact, 
thick bone separates them in this 
specimen. Anterior ethmoid ar- 
tery (aea) is highlighted in red 
within its skull base canal, in this 
specimen, just anterior to ground 
lamella's connection with skull 
base. Basal lamella of middle tur- 
binate has been highlighted in 
blue to show more clearly its im- 
portant course. 


sible with these study methods. Regarding CT, it was 
evident that the full extent and character of the sinus 
lateralis, a small variable cleft, was difficult to ap- 
preciate with incremental slice-type data. Incremen- 
tal data did not permit accurate delineation of the 
sinus lateralis from adjacent spaces, recesses, cells, 
etc. Information for which a high degree of confi- 
dence could be assigned was not evident regarding 
the extent, variability, and character of the sinus lat- 
eralis air space by this method. Endoscopic dissec- 
tion offered no better information in this regard. In 
providing exposure during the dissection, border 
structures of the sinus lateralis were necessarily re- 





moved, and their removal led to ambiguity regard- 
ing the actual limit and character of the space. There- 
fore, assessments were restricted to sinus lateralis 
prevalence. 


Phase 2. Twenty-four sinonasal complexes were 
fully evaluated, and 2 specimens were eliminated be- 
cause of artifact sustained during sagittal sectioning. 
Gross anatomic dissection revealed that a hiatus semi- 
lunaris superior and a sinus lateralis were present in 
all specimens. Typically, each sinus lateralis region 
comprised separate retrobullar and suprabullar pneu- 
matization tracts. However, variability was evident. 
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Fig 3. Endoscopic findings. A) View of ethmoid bulla within middle meatus after resection of uncinate process shows ethmoid 
bulla (eb). middle turbinate (mt), and area of hiatus semilunaris superior leading to sinus lateralis, specifically retrobullar 
recess (arrows). B) View through hiatus semilunaris superior into retrobullar recess. C) Portion of anterior wall of ethmoid 
bulla has been resected to create window allowing visualization of pneumatization tract emanating from retrobullar recess. D) 
Medial wall of ethmoid bulla is removed to demonstrate well-developed projection of middle turbinate's (mt) basal lamella 
(asterisk), which divides retrobullar recess and extends to attach on lamina papyracea (1). 


With regard to the retrobullar recess, a separate and 
discrete retrobullar recess was present in 23 of 24 
specimens. In | specimen, a single large cleft was 
present, rather than separate suprabullar and retro- 
bullar recesses. With regard to the suprabullar recess, 
à separate suprabullar recess with a corresponding 
pneumatization tract developed above the bulla and 
extended to the lamina papyracea and skull base in 
17 of the 24 specimens. In 5 of the 24 specimens, the 
suprabullar recess was rudimentary and did not fully 
develop. It was represented only as a small pouch, 
mucosal indentation, or cleft, rather than a true re- 
cess. In 1 specimen, the suprabullar recess pneuma- 
tization tract progressed to pneumatize the orbital 


plate of the frontal bone and frontal sinus. The fron- 
tal recess therefore opened into and through the su- 
prabullar recess. As previously mentioned, a single 
large, diffuse cleft occupied the suprabullar and retro- 
bullar regions collectively in 1 specimen. In the 17 
specimens with a well-developed suprabullar recess. 
further observation revealed that a single discrete re- 
cess with a single corresponding pneumatization tract 
was present in 15 specimens, whereas in 2 specimens, 
the suprabullar recess subdivided into 2 pneumati- 
zation tracts. Additionally, in 5 specimens, the supra- 
bullar pneumatization tracts were extensive and ex- 
tended above the orbit to form supraorbital pneuma- 
tization, or a supraorbital ethmoid cell. 





"i 
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The suprabullar recess and frontal recess were . 


noted to be separate pneumatization tracts without 
direct communications in 23 of the 24 specimens. 
The bulla lamella was noted to extend and attach to 


the skull base, separating the frontal recess from the - 


suprabullar recess in 23 specimens. However, in 1 
case, as previously mentioned, the frontal sinus was 


pneumatized from the suprabullar recess. In this case, * 


the bulla lamella did not reach the skull base. 


Two consistent projections from the basal lamella 
were observed in this investigation. Within the retro- 
bullar recess, a small eminence of basal lamella pro- 
jected to the lamina papyracea in all cases (Fig 2A). 
A second projection of the basal lamella joined the 
bulla lamella and typically divided the retrobullar 
and suprabullar recesses (Fig 2B). This projection 
extended laterally from the middle meatus to the lam- 
ina papyracea in the 17 of the 24 specimens that had 
a well-developed, discrete suprabullar recess. 


Phase 3. Endoscopic dissection revealed that the 
hiatus semilunaris superior was present in all speci- 
mens. Endoscopic dissection also revealed that a vari- 
able cleft, the sinus lateralis, was present behind and/ 


or above the bulla in all cases. Typically, each sinus 


lateralis region comprised separate retrobullar and 
suprabullar pneumatization tracts; however, variabil- 
ity was evident. With regard to the retrobullar recess, 
a separate and discrete retrobullar recess was present 
in 22 of the 24 specimens. In 2 specimens, a single 
large cleft was present, rather than separate suprabul- 
lar and retrobullar recesses. 


With regard to the suprabullar recess, a single dis- 
crete recess with a single corresponding pneumati- 
zation tract developed above the bulla and extended 
to the lamina papyracea and skull base in 15 of the 
24 specimens. In 6 specimens, the suprabullar re- 
cess was rudimentary and did not fully develop. It 
was represented only as a small pouch, mucosal in- 
dentation, or cleft, rather than a true recess. In 2 spec- 
imens, a single large cleft was present, rather than 
separate suprabullar and retrobullar recesses. In 1 
specimen, the suprabullar recess pneumatization tract 
progressed to pneumatize the orbital plate of the fron- 


tal bone and frontal sinus. The frontal recess there- 


fore opened into and through the suprabullar recess. 
Among the 15 specimens with a wel]-developed su- 
prabullar recess, 8 displayed supraorbital pneumati- 
zation, or a supraorbital ethmoid cell, associated with 
extensive suprabullar pneumatization above the or- 
bit. The suprabullar recess and frontal recess were 
noted to be separate pneumatization tracts without 
direct communications in 23 specimens. 


The bulla lamella was noted to extend and attach 
to the skull base, separating the frontal recess from 


the suprabullar recess in 23 specimens (Fig 2C,D). 
However, in 1 case, as previously mentioned, the 
frontal sinus was pneumatized from the suprabullar 
recess. In this case, the bulla lamella was pneuma- 
tized from the upper aspect of the infundibulum. This 
configuration had the effect of indenting or splitting 
the bulla lamella. 


Two consistent projections from the basal lamella 
were observed in this investigation. Within the retro- 
bullar recess, a small eminence of basal lamella pro- 
jected to the lamina papyracea in 22 specimens (Figs 
2A and 3D). A second projection of the basal lamella 
joined the bulla lamella and typically divided the ret- 
robullar and suprabullar recesses (Fig 2B). This pro- 
jection extended laterally from the middle meatus to 
the lamina papyracea in all 17 specimens with a well- 


developed, discrete suprabullar recess. 


DISCUSSION 


This study was initiated in response to the ques- 
tion of how often the sinus lateralis is present, asked 
of the senior author (W.E.B.) by practicing otolaryn- 
gologists participating in endoscopic sinus surgery 
dissection courses. Our investigation revealed that 
the sinus lateralis was present in all specimens. Spe- 
cifically, the hiatus semilunaris superior was present 
in all specimens, the retrobullar recess was present 
in nearly all specimens, and the suprabullar recess 
was present in most specimens. Typically, the supra- 
bullar and retrobullar recesses are separate, and each 
has a corresponding pneumatization that does not con- 
nect with neighboring cells or structures (Figs 2B,D 
and 4). The two recesses are separated by a small but 
consistent tissue bridge that projects from the basal 
lamella to the superior aspect of the ethmoid bulla 
and lamina papyracea (Figs 2B and 4). An additional 
projection from the basal lamella within the retro- 
bullar recess projects to the lamina papyracea (Figs 
2 and 3). The consistency with which these anatomic 
features occur suggests that they represent normal 
sinonasal anatomy rather than anomalies. That these 
normal anatomic characteristics have not previously 
been fully characterized is significant. In this inves- 
tigation, we sought not only to determine the preva- 
lence of the sinus lateralis, but also to characterize 
this aspect of sinonasal anatomy. Accordingly, our 
observations regarding the retrobullar recess, the su- 
prabullar recess, and their anatomic relationship to 
relevant surrounding structures and spaces are herein 
highlighted. 


Important anatomic characteristics of the retro- 
bullar recess were evident in this study. Pneumatiza- 
tion from the retrobullar recess typically developed 
anteriorly into the inferior and middle aspect of the 
bulla lamella. In some cases, 1 large pneumatization 
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tract was evident, whereas in other instances, mul- 
tiple tracts, partial septations, or even discrete cells 
were present (Fig 2). Variably, the inferior aspect of 
the retrobullar recess pneumatized posteriorly to in- 
dent the basal lamella. Pneumatization from the supe- 
rior aspect of the retrobullar recess usually progressed 
posterior and lateral to the lamina papyracea, often 
to the skull base. In our experience, this area of pneu- 
matization is what most otolaryngologists designate 
as the sinus lateralis. We began this investigation with 
the same understanding; however, as our study pro- 
gressed, we came to appreciate the additional afore- 
mentioned characteristics of the sinus lateralis. Sur- 
prisingly, a frequent but consistent anatomic feature 
that previously had not been described was noted in 
this investigation. A crest projecting from the basal 
lamella to the lamina papyracea was present within 
the retrobullar recess in nearly all cases (Figs 2A and 
3D). 


Important characteristics of the suprabullar recess 
were also evident in this study. At the superior as- 





Fig 4. A) Illustration of lateral nasal wall shows 
region of retrobullar and suprabullar recesses 
and their central and key location within eth- 
moid sinus. | — frontal sinus; 2 — frontal re- 
cess; 3 — uncinate process; 4 — hiatus semi- 
lunaris inferior; 5 — ethmoid bulla; 6 — supra- 
bullar recess; 7 — retrobullar recess: 8 — basal 
lamella of middle turbinate; om — ostium of 
maxillary sinus (behind and deep to uncinate 
process). Open arrow — area of potential sphe- 
noethmoid or Onodi cell pneumatization. (Re- 
printed with permission from Stammberger H, 
Hosemann W, Draf W. Anatomische Terminol- 
ogie und Nomenklatur fur die Nasenneben- 
hohlenchirurgie. Laryngorhinootologie 1997; 
76: 435-49.) B) Illustration of lateral nasal wall 
modified to reflect findings of this study. Su- 
prabullar (6) and retrobullar (7) recesses were 
most often noted to be separate pneumatiza- 
tion tracts. 





pect of the retrobullar recess, a projection of the basal 
lamella blends with the bulla to form the superior 
border of the retrobullar cleft (Fig 2B). Just anterior 
to this tissue bridge, the suprabullar recess charac- 
teristically forms as an oval or slitlike opening ap- 
proximately 2 to 3 mm in size. From the suprabullar 
recess, a single pneumatization tract emanates most 
commonly. This tract extends laterally to the lamina 
papyracea and to the skull base. It also can pneuma- 
tize the orbital plate of the frontal bone to form a 
supraorbital ethmoid cell. Typically, the suprabullar 
pneumatization tract does not communicate with the 
frontal recess or retrobullar recess. The bulla lamella, 
the anterior wall of the suprabullar recess, typically 
extends to the skull base. The location of the lamella's 
attachment to the skull base varies depending on the 
size of neighboring pneumatization tracts, such as 
the frontal recess, the retrobullar recess, and the clefts 
or cells from the superior infundibulum. The appear- 
ance of the bulla lamella also varies if pneumatiza- 
tion from the superior infundibulum develops poste- 
riorly into the bulla lamella. If this occurs, a com- 
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plete lamella or plate is not evident; rather, the lamella 
is indented or "split" by the pneumatization. How- 
ever, even with this variation, we observed the me- 
dial and lateral aspects of the lamella to ascend and 
attach to the skull base in most cases. 


The suprabullar recess bears an important relation- 
ship to the frontal recess. Understanding this relation- 
ship may be important for practicing surgeons, as en- 
doscopic surgery in the frontal recess is among the 
most challenging of all otolaryngological surgeries. 
Stammberger? points out that the sinus lateralis is 
separated from the frontal recess only when the bulla 
lamella reaches the skull base; otherwise, the supra- 
bullar recess opens into the frontal recess. We found 
the bulla lamella attached to the skull base in most 
specimens, although the precise point of attachment 
varied. Typically, the bulla lamella separated the su- 
prabullar pneumatization tract from the frontal re- 
cess. However, we also observed the pattern noted 
by Stammberger in which the bulla lamella did not 
attach to the skull base over any appreciable distance. 
In 2 specimens, the bulla lamella joined the poste- 
rior wall of the invading frontal cell. The suprabullar 
recess pneumatized widely to the skull base and lam- 
ina papyracea, the orbital plate of the frontal bone, 
and then into the frontal bone proper. The suprabullar 
pneumatization “won out" over the suprainfundibu- 
lar-frontal recess to pneumatize the dominant por- 
tion of the frontal bone. In these specimens, a small 
pneumatization tract from the area that normally de- 
velops into the frontal sinus, from the suprainfundib- 
ular region, extended superiorly but abruptly termi- 
nated, thereby forming a medially based cell similar 
to an invading frontal cell as described by Van AI- 
yea. In summary, in the majority of cases we stud- 
ied, the suprabullar recess was located in close prox- 
imity to the frontal recess; however, the two recesses 
did not communicate. 


Accurate nomenclature is essential in describing 
complex anatomy, and nowhere is this more impor- 
tant than in the intricate and varied ethmoid anatomy. 
Given the importance of standard nomenclature, it 
is interesting that in our review of the literature the 
term sinus lateralis is used primarily by Grunwald,!2 
and by Stammberger? in his earlier works only. Al- 
though the term sinus lateralis may not have been 
universally adopted and used throughout the century, 
many investigators have made reference to the anat- 
omy and apparently ascribed different terminology. 
Killian? did not use the term sinus lateralis or the 
term hiatus semilunaris superior. However, his 1903 
anatomic drawings illustrate pneumatization arising 
from the retrobullar recess that he labels *upper in- 
termediate cell of middle meatus," “cell of the eth- 
moidal bulla,” or “middle ethmoid cell." These an- 


notations correspond to the retrobullar recess and its 
pneumatization tract into the bulla lamella. Zucker- 
kandl? did not use the term sinus lateralis or the term 
hiatus semilunaris superior; however, he used the 
term “sinus or fissure of the ethmoidal bulla" when 
referring to what we herein denote the retrobullar re- 
cess. Mouret?:1? spoke of the gouttiere retro-bullaire 
or the “retrobullar gutter" and described the orifice 
of the ethmoid bulla as opening into this gutter. Van 
Alyea>* also did not use the term sinus lateralis, but 
rather, used the term “hiatus semilunaris superior of 
Grunwald.” He described “bullar cells" that arose 
from a “bullar groove.” His descriptions and illustra- 
tions are strikingly similar to the pneumatization that 
we observed from the retrobullar recess and its cor- 
responding pneumatization tracts. His eloquent de- 
scription of the anatomy is noteworthy: “The nor- 
mal bullar ostium, or groove, is a large crescentic 
opening, which lies superior, posterior and parallel 
to the hiatus semilunaris. Its resemblance to the hia- 
tus semilunaris is marked, and because of this it has 
been designated, by Grunwald, the superior hiatus 
semilunaris.”°(?8°7) He also wrote, “The bullar group 
frequently gives the impression of being one large 
cell containing various septums, which divide the 
cavity into compartments. When bullar cells com- 
municate with each other it is generally through a 
wide opening which is often nearly as large as the 
cavities themselves.”>(P897) 


Over the years, pneumatization observed above 
the ethmoid bulla also led to corresponding anatomic 
terminology. Stammberger et al?^ helped us to un- 
derstand the origin of the suprabullar nomenclature, 
pointing out the term “recessus suprabullaris,” intro- 
duced by Hajek, and the term “susbullar cell,” intro- 
duced by Mouret. The work of Mouret?:!° is particu- 
larly germane to this investigation. When we began 
our investigation, we initially focused our literature 
review on Grunwald’s descriptions of the sinus later- 
alis. It soon became clear that the anatomy had been 
amazingly and superbly described by Mouret with 
slightly different nomenclature. In 1898, Mouret ad- 
dressed the French Society of Laryngology and re- 
ported his observations in 30 gross ethmoid dissec- 
tions. Mouret spoke of 2 types of pneumatization, or 
cells, arising posterior to the infundibulum, and re- 
ferred to these as retroinfundibular cells.?:!° One 
opened into the posterior superior part of the infun- 
dibulum, but the other opened into an independent 
opening located at the superior aspect of the retro-~ 
bullar gutter. He referred to this cell as the true ftro" 
infundibular cell or, as he preferred, the. sus*bullaire ` e 
cell, meaning the cell over and above the‘bulla. The 
anatomic description and illustration máitch: tHe àp- 
pearance of the suprabullar recess and aon al 
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ing pneumatization tract in our investigation. Years 
after Mouret and Hajek, Mosher!! wrote of this re- 
gion and applied slightly different terminology. He 
also did not use the term sinus lateralis or the term 
hiatus semilunaris superior; however, he made ref- 
erence to "an upper cell of the bulla which may grow 
forward towards and even over the rim of the orbit 
and make an accessory frontal sinus." 110393) He re- 
ferred to such a cell as a fronto-orbital cell. This cell 
appears similar to the suprabullar recess and its cor- 
responding pneumatization tract noted in our dissec- 
tions. We also noted the propensity of this cell for 
pneumatizing the orbital plate of the frontal bone. 


Regardless of the terminology, it is clear that many 
investigators over the years have noted this area of 
pneumatization located above and behind the bulla. 
However, in the modern era, this area has been dis- 
cussed infrequently and superficially. We hope our 
investigation serves to call attention to this impor- 
tant area of ethmoid anatomy and to provide more 
detail regarding the prevalence, extent, and charac- 
ter of this interesting and important space. We also 
hope that increased knowledge regarding the vari- 
ous pneumatization tracts in the superior-anterior eth- 
moid sinus will facilitate frontal recess surgery. 


Accurate nomenclature for the sinus lateralis is de- 
sirable but challenging to attain. The terminology used 
to date to describe this space varies widely and in- 
cludes groove, cleft, gutter, recess, cell, and sinus. !-!! 
Stammberger? writes that the term “cell” is not a par- 
ticularly good term for this space, since it is really 
only a cleft between the roof of the ethmoid, basal 
lamella, and bulla, with surface communication to 
the middle meatus through the hiatus semilunaris and 
anteriorly to the frontal recess. He adds that the si- 
nus lateralis has not a single opening, but multiple 
openings, and therefore does not satisfy the criterion 
of a cell. We agree that the term “cell” is not the 
optimal term to characterize this space. However, we 
hesitate to accept that the sinus lateralis communi- 
cates with the middle meatus via both the hiatus semi- 
lunaris and the frontal recess, on the basis of our 
study. Our study revealed that in most cases, sepa- 
rate pneumatization "tracts" arise from the suprabul- 
lar and retrobullar recesses and drain into the middle 
meatus. Typically, the suprabullar recess is a single 
tract emanating from an ostium or slit-like opening 
and, therefore, does fit the criterion of a cell. How- 
ever, the pneumatization emanating from the retro- 
bullar recess was more varied and usually arose from 
a broad, often semilunar-shaped cleft, rather than a 
round or oval ostium. In some cases, 1 large pneu- 
matization tract was evident; in others, multiple pneu- 
matization tracts emerged with partial septations. In 
yet others, discrete cells were present within the bulla. 


Therefore, with respect to the retrobullar recess, our 
data support Stammberger's assessment that the si- 
nus lateralis, especially the retrobullar recess, more 
closely represents a cleft rather than a cell. However, 
on the basis of the anatomic evidence we encoun- 
tered, we prefer the descriptive term “pneumatization 
tracts.” 


Our observations of separate pneumatization tracts 
emanating from the suprabullar, retrobullar, and fron- 
tal recesses accord with the well-accepted theory of 
sinonasal embryological development. In this theory, 
the nasal mucosa invaginates at a specific point on 
the lateral nasal wall, forming the anlage of a sinus 
or ethmoid cell. The mesenchyme resorbs around the 
invagination, allowing progressive development of 
a sinus cavity. The embryological point at which the 
initial invagination occurs forms the future ostium 
of the sinus. Cilia develop and orient toward this os- 
tium, allowing mucus to flow to and through the os- 
tium. 


On the basis of the evidence noted in this study, 
we recommend the separate terms retrobullar recess 
and suprabullar recess as the preferred nomenclature, 
rather than the term sinus lateralis. The term sinus 
lateralis is more general, whereas the separate terms 
retrobullar recess and suprabullar recess are more pre- 
cise and descriptive. The latter terms identify the ori- 
gin of each pneumatization tract and allude to the 
separate pneumatization arising from each recess. Us- 
ing the two discrete terms, retrobullar recess and su- 
prabullar recess, reduces the chance for miscommu- 
nication and increases precision and accuracy in doc- 
umenting disease location. Again, our observations 
accord with the well-accepted principles of sinus em- 
bryology and mucociliary physiology. Each recess 
has a single point of embryological development and, 
hence, a single mucociliary drainage pathway to the 
middle meatus, rather than multiple drainage tracts 
through both the frontal recess and the middle me- 
atus. 


Our anatomic findings strongly support the rec- 
ommendation of the Consensus Group on Anatomic 
Terminology and Nomenclature to use the separate 
terms suprabullar recess and retrobullar recess.^ 


Although we do recommend the separate terms ret- 
robullar recess and suprabullar recess, we refrain from 
making any additional recommendations for nomen- 
clature. Certainly, the projections from the basal la- 
mella we describe might qualify for naming. How- 
ever, we prefer in this article to focus on accurate de- 
scription of our anatomic observations. We also pre- 
fer that an international gathering of otolaryngolo- 
gists recommend sinonasal terminology, believing 
this to be the appropriate forum for introduction of 
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new nomenclature. In that setting, a better chance 
might exist for widespread acceptance of the new 
terms. 


The particular method of analysis used to study 


the sinus lateralis is noteworthy, as is the regional 


anatomic research experience of the investigators. 
Although endoscopic and CT analysis quickly pro- 
vided the answer to our original question of preva- 
lence, we found that endoscopic and CT analyses 
were not optimal for analyzing fully the extent and 
character of the sinus lateralis. Data were presented 
in a way that left much room for interpretation and 
interobserver error. A different method of analysis, 
highly detailed gross anatomic investigation, proved 
to be a far better method of characterizing this space. 
Gross dissection permits all pneumatization tracts to 
be followed with minimal disruption to the contigu- 
ous structures. Probes can easily be placed from the 
larger sinuses through the ethmoidal pre-recesses to 
demonstrate clearly the origin and fate of nearby 
pneumatization tracts. For research purposes, gross 
dissection provides the most accurate characteriza- 
tion of the sinus lateralis. Studies that do not incor- 
porate this method into their design should be viewed 
skeptically. We acknowledge that CT analysis using 
“fly-through” technology, as opposed to incremen- 
tal data, may allow accurate analysis of the sinus lat- 
eralis. We chose to use incremental data, as this meth- 
od is what is currently available to the vast majority 
of practicing otolaryngologists. It 1s interesting that 
initially, endoscopic dissection was not considered 
reliable; however, after dedicated gross anatomic 
analysis, our impression changed. This outcome 
speaks to the humbling nature of studying sinonasal 
anatomy, especially through the endoscope. The sub- 
tleties of the sinus lateralis were not apparent to the 
primary author (W.E.B.) even after a decade of dedi- 
cated anatomic study and surgery. Only after syste- 
matic study of the sinus lateralis and many gross ana- 
tomic dissections were the subtleties and varied ana- 
tomic features accurately appreciated on endoscopy. 


It is therefore recommended that in future studies 


of the sinus lateralis, researchers perform a series of 
gross anatomic dissections before endoscopic analy- 





sis. It is also recommended that cutting forceps and 
a precise mucosal sparing technique be used in con- 
ducting endoscopic dissections. With cutting forceps, 
delicate ethmoid structures can be dissected and pneu- 
matization tracts followed. In this way, boundary 
structures can be preserved while demonstrating the 
recesses. The dissection must be conducted with the 
greatest care to yield accurate, reliable information. 


We hope that the anatomic features of the sinus 
lateralis detailed in this communication will reduce 
the number of dissections needed for future research- 
ers to make reliable assessments of the gross and en- 
doscopic anatomy. We submit our findings as an ini- 
tial comprehensive exploration into a specific region 
of the ethmoid labyrinth, rather than as the final word 
on the subject. Additional studies will certainly en- 
rich our collective understanding of this complex re- 
gion. The sinus lateralis is no less complex or varied 
than the frontal recess or the posterior ethmoid si- 
nus. A single study cannot realistically characterize 
all the possible variations and themes. Just as with 
fingerprint analysis or HLA typing, there are gener- 
al categories but individual differences with the si- 
nus lateralis. The general theme is that of separate 
suprabullar and retrobullar recesses, with pneumati- 
zation tracts emanating from each recess. The two 
major anatomic variations on this theme appear to 
be, first, a rudimentary suprabullar recess with a dom- 
inant retrobullar recess, and second, a dominant su- 
prabullar recess that progresses to become the fron- 
tal recess and to pneumatize the frontal bone or si- 
nus. 


Delineating the anatomic features of the retrobullar 
and suprabullar recesses leads to a more complete 
understanding of the complex anatomic relationships 
within the ethmoid sinus, thereby demystifying the 
ethmoid “labyrinth.” Neighboring spaces such as the 
frontal recess become easier to understand. It fol- 
lows that surgeons who invest the time to appreciate 
more fully this regional anatomy will prepare them- 
selves better for the challenges that await them in 
operating in the frontal recess and the superior as- 
pect of the ethmoid sinus. 
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UNIQUE PRESENTATION OF A BRONCHIAL FOREIGN BODY IN AN 
ASYMPTOMATIC CHILD 


MICHAEL A. FREIMAN, MD 


J. SCOTT MCMURRAY, MD 


MADISON, WISCONSIN 


A child who aspirates a foreign body may present in many ways. We present the case of an 8-year-old boy whose initial presen- 
tation consisted only of his preoccupation with his lost toy and his gesturing toward his oral cavity. There was no witnessed coughing 
or choking episode, and there were no initial physical examination findings of note, and no abnormalities on appropriate radio- 
graphic studies. The patient was transferred to our institution for further evaluation and management. Our careful examination 
revealed a slight wheeze at the left upper lobe. Endoscopy was immediately performed, and bronchoscopy revealed a yellow, tubular, 
plastic foreign body in the left main bronchus through which the patient was breathing freely. This was removed without incident by 
means of optical graspers. The physical characteristics of this foreign body, including its small size, relatively inert material, and 
large lumen, allowed this patient to present relatively asymptomatically. This case demonstrates the need for a high index of suspi- 
cion in the evaluation and management of foreign bodies in the aerodigestive tract. 


KEY WORDS —- aspiration, bronchus, foreign body. 


INTRODUCTION 


A child who aspirates a foreign body may present 
in many ways. There are usually 3 clinical phases of 
foreign body aspiration.! The first phase consists of 
coughing, choking, and/or gagging that occurs at the 
moment of aspiration and may lead to acute airway 
obstruction. If this first phase is not witnessed by the 
child's caregivers, the diagnosis of an aspirated for- 
eign body is more challenging. The second phase is 
the asymptomatic phase, during which the foreign 
body becomes lodged and the airway's protective re- 
flexes become fatigued. This phase may last from 
hours to weeks. The symptoms may vary in severity, 
depending on the object's size, the degree of obstruc- 
tion, and the surrounding tissue reaction. The third 
phase is the complication phase, during which obstruc- 
tion, erosion, or infection can lead to various mani- 
festations of pulmonary disease. We present the case 
of an 8-year-old boy whose relatively asymptomatic 
presentation can be attributed to the physical charac- 
teristics and location of his aspirated foreign body. 


CASE REPORT 


An 8-year-old boy was seen at an outside institu- 
tion for the evaluation of a potential aerodigestive 
tract foreign body. There was no witnessed cough- 
ing or choking episode or other presenting symptoms 
except for his concern about his lost toy and his ges- 
turing toward his oral cavity. Reportedly, the find- 
ings of the physical examination were unremarkable. 
Anteroposterior and lateral radiographs of the neck 





did not reveal any laryngeal or tracheal foreign bod- 
ies. Inspiratory and expiratory chest radiographs 
failed to show any atelectasis, hyperinflation, or me- 
diastinal shift. Interestingly, a computed tomogra- 
phy (CT) scan of the neck and chest was also per- 
formed and was negative. The patient was transferred 
to our institution for further evaluation and manage- 
ment upon the insistence of his parents. 


Our careful examination revealed a slight wheeze 
at the left upper lobe in addition to the child's preoc- 
cupation and gesturing. The patient was taken imme- 
diately to the operating room for endoscopy. There 
was no foreign body identified in the oral cavity, oro- 
pharynx, hypopharynx, or larynx on microlaryngos- 
copy. Bronchoscopy revealed no foreign body in the 
trachea or right main bronchus. Examination of the 
left main bronchus, however, revealed a vellow, tu- 
bular, plastic foreign body through which the patient 
was breathing freely (Fig 1). It was removed with- 
out incident by means of optical graspers. The find- 
ings of repeat bronchoscopy and of esophagoscopy 
were normal. The patient tolerated the procedure well, 
there were no complications, and the patient was dis- 
charged on postoperative day | with no sequelae. The 
foreign body was a plastic toy part that was mainly 
cylindrical in shape; its length, outer diameter, proxi- 
mal inner diameter, and distal inner diameter mea- 
sured approximately 12.0 mm, 7.5 mm, 5.0 mm, and 
3.0 mm, respectively (Fig 2). 


DISCUSSION 
This case illustrates many important features in 
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Fig 1. Tubular foreign body embedded in left main bron- 
chus of 8-year-old boy. He was breathing comfortably 
through central lumen. 


the evaluation and management of foreign bodies in 
the aerodigestive tract. The first important point is 
that as many as 50% of patients with foreign body 
aspiration do not have a witnessed episode of cough- 
ing, choking, or gagging.? Their absence can make 
the diagnosis more difficult, and therefore, a high 
index of suspicion is always necessary. Our patient's 
parents did not witness this first clinical phase, but 
their suspicion, as well as ours, was high. The sec- 
ond important point is that the physical examination 
findings may be relatively unremarkable. Of airway 
foreign bodies, approximately 80% to 90% are found 
in the bronchi.? Patients with bronchial foreign bod- 
ies will classically present with a triad of cough, 
wheezing, and decreased breath sounds. Sixty-five 
percent of patients present with the classic triad, ac- 
cording to a report of a large series,* and as many as 
95% present with at least | finding.’ At first, our pa- 
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tient reportedly had none of these symptoms or signs, 
but our careful examination did reveal a slight wheeze 
in the left upper lobe. The third important point is 
that plain film radiography is neither sensitive nor 
specific in the diagnosis of foreign body aspiration. 
One study reported that 35% of 400 patients with 
normal findings on radiographic studies were later 
found to have bronchial foreign bodies.^ Our patient's 
radiographic studies, including a CT scan, were nega- 
tive. The CT scan was performed at an outside insti- 
tution, and this imaging modality is not part of our 
standard of practice. There are no clear indications 
for CT scans in patients suspected of having a for- 
eign body within the airway, and they likely are not 
cost-effective in the evaluation, since these patients 
will need to undergo endoscopy anyway. The infor- 
mation from the CT scan would not alter the man- 
agement of these patients, and the time necessary to 
perform this study may actually put the patient at 
increased risk. The fourth important point is that the 
physical characteristics of the aspirated foreign body 
play a large role in the development and manifesta- 
tions of symptoms in the individual patient. Plastic 
objects constitute approximately 5% to 15% of air- 
way foreign bodies and tend to remain longer, be- 
cause they are inert and radiolucent.’ The physical 
characteristics of the aspirated bronchial foreign body 
in our patient, including its small size, relatively in- 
ert material, and large lumen, allowed our patient to 
present in a relatively asymptomatic fashion. 

This case illustrates that the history, physical ex- 
amination findings, radiographic findings, and phys- 
ical characteristics of the foreign body may make 
the diagnosis of an aspirated foreign body challeng- 
ing. Foreign bodies account for approximately 3,000 
deaths per year. Chevalier Jackson's management 
techniques reduced the mortality rate to about 2%,? 
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Fig 2. Tubular foreign body extracted from left main bronchus of 8-year-old boy. A) Length measured approximately 12.0 
mm. B) Outer diameter, proximal inner diameter, and distal inner diameter measured approximately 7.5 mm, 5.0 mm, and 3.0 
mm, respectively. 
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which is also the present rate.^?.19 Earlier diagnosis 
correlates with fewer complications, as most com- 
plications are the result of delayed diagnosis.^ This 


case once again demonstrates the need for a high in- 
dex of suspicion in the evaluation and management 
of foreign bodies in the aerodigestive tract. 
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OPEN ZENKER’S DIVERTICULECTOMY USING STAPLING 
TECHNIQUES 


NICOLAS Y. BUSABA, MD 
BOSTON, MASSACHUSETTS 
EDWIN ISHOO, MD 
CINCINNATI, OHIO 


DAVID KIEFF, MD 
BOSTON, MASSACHUSETTS 


This is a prospective review of patients who underwent Zenker’s diverticulectomy, closure of the pharyngotomy with nonab- 
sorbable staples, and cricopharyngeal myotomy through an open neck approach over a period of 2 years. The study group consisted 
of 9 men with a mean age of 67 years. The diagnosis of Zenker’s diverticulum was based on a barium swallow esophagram. The 
mean operative time was 1.5 hours, with a mean estimated blood loss of 25 mL. Barium swallow esophagrams performed on the first 
postoperative day showed no pharyngeal fistulas. Oral feeding was started after the esophagram. One patient was discharged on 
postoperative day 1, 1 was discharged on postoperative day 3, and the remaining 7 were discharged on postoperative day 2. All 
patients were able to take oral feeding by postoperative day 1. There were no operative complications in this series. We conclude that 
stapling with nonabsorbable staples is a relatively safe and effective method for closing pharyngeal defects after Zenker’s diverti- 
culectomy. The technique leads to shortening of the operative time and hospital stay, and allows early resumption of oral feeding. 


KEY WORDS —- pharyngotomy, stapler, Zenker’s diverticulum. 


INTRODUCTION 


Zenker’s diverticulum is a herniation of the pos- 
terior mucosal wall of the hypopharynx through a 
weakened muscular layer located immediately above 
the esophageal inlet. Abraham Ludlow first described 
itin 1764.! The classic Zenker’s diverticulum is rea- 
dily diagnosed with a barium swallow esophagram 
(BaS). 


The goals of the surgical treatment of Zenker’s 
diverticulum are to reduce morbidity, shorten hospi- 
talization, and ultimately achieve successful resolu- 
tion of symptoms. Different surgical approaches and 
techniques have been described, ranging from the tra- 
ditional diverticulectomy with cricopharyngeal my- 
otomy through an open neck approach to the more 
recent endoscopic treatment.! Endoscopic treatment 
has steadily gained in popularity since Dohlman and 
Mattsson? reintroduced the procedure in 1960. The 
main advantages of the endoscopic treatment include 
short operative time, low morbidity, and quick re- 
sumption of oral feeding. On the other hand, the open 
neck approach allows for a more controlled and pre- 
cise diverticulectomy, and allows for cricopharyn- 
geal myotomy via improved exposure. However, it 
became less desirable because of the need to close a 
pharyngotomy defect and the resultant morbidity, de- 
layed oral feeding, and longer hospital stay. 


In-line nonabsorbable staples have been used rela- 
tively safely for alimentary tract division and anas- 
tomosis during bowel surgery for many years. Stap- 
ling techniques have also been described for Zenker's 
diverticulectomy.? It is generally recommended to de- 
lay oral feeding for at least 1 week after operations 
that involve a pharyngotomy. Closing the pharyngot- 
omy with nonabsorbable material, such as titanium 
staples, could allow for earlier resumption of oral 
feeding. This subject, however, has not been adequate- 
ly addressed previously. 


The purpose of this study is to determine the safe- 
ty and efficacy of using staples to close the pharyn- 
gotomy defect after diverticulectomy via an open neck 
approach, and to test the hypothesis that nonabsorb- 
able staples allow earlier resumption of oral feeding. 


MATERIALS AND METHODS 


This is a prospective study of 9 patients who were 
operated on for Zenker's diverticulum over a 2-year 
period. The diagnosis of Zenker's diverticulum was 
based on BaS. All of the patients had significant 
symptoms relating to the diverticulum, including dys- 
phagia and regurgitation of food particles. 


The patients in our series underwent diverticulec- 
tomy via an open neck approach through a left ante- 
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Fig 1. Endo-GIA 30 endosurgical stapler (US 
Surgical Corp, Norwalk, Conn). 


rior-lateral incision. The diverticulum sac was iden- 
tified, and the neck of the sac was skeletonized ac- 
cording to traditional surgical techniques. The sac 
was stapled at its neck with the Endo-GIA 30 endo- 
surgical stapler (US Surgical Corp, Norwalk, Conn; 
Fig 1). The sac was then excised (Fig 2). A cricopha- 
ryngeal myotomy was performed. The surgical site 
was drained by closed-suction drainage. 


Patients received 24 hours of perioperative intra- 
venous antibiotics (cefazolin sodium) for surgical pro- 








phylaxis. A BaS was performed on postoperative day 
1. The neck drain was removed and patients were 
started on oral feeding if the BaS revealed no leak in 
the hypopharynx at the site of the diverticulectomy. 
The patients were monitored for 12 to 24 hours after 
initiation of oral feeding and were discharged from 
the hospital once they tolerated adequate oral feed- 
ing. 


The operative time, estimated blood loss, opera- 
tive complications, time to resumption of oral feed- 





Fig 2. Surgical technique. A) Diverticulum is dissected and 
skeletonized to its neck. B) Stapler is placed around neck of 
diverticulum, which is then stapled. C) Pharyngotomy clo- 
sure site at neck of diverticulum. 
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ing, and length of hospitalization were reviewed. 


RESULTS 


The study group comprised 9 patients who under- 
went surgical treatment for Zenker's diverticulum 
over the past 2 years. All patients were men. Their 
ages ranged between 62 and 75 years, with a mean 
of 67 years. The diagnosis was based on Bas. All of 
the patients in the series had symptoms relating to 
the diverticulum, including progressive dysphagia 
and regurgitation of food particles. The surgical tech- 
nique used was as described above. 


The average operative time was 1.5 hours (range, 
|.2 to 2 hours). The mean estimated blood loss vol- 
ume was 25 mL. A BaS was performed on postoper- 
ative day |. The studies revealed no pharyngeal fis- 
tula at the site of diverticulectomy in any of the 9 
patients (Fig 3). All patients were able to resume oral 
feeding on postoperative day 1, after the BaS. One 
patient was discharged around 12 hours after the ini- 
tiation of oral feeding, and 7 patients were discharged 
from the hospital on postoperative day 2. One pa- 
tient required hospitalization for 3 days because of 
slow oral intake despite evidence of adequate crico- 
pharyngeal myotomy and a completely excised diver- 
ticulum on the postoperative BaS. 


There were no operative complications. Eight of 
the patients in our series were regularly evaluated 
for a period of 6 months, and | patient for 2 months, 
after their operations. There were no instances of de- 
layed pharyngeal fistula. All patients reported reso- 
lution of their symptoms. 


Fig 3. Barium swallow radiographs of subject from 
our series. A) Preoperative study demonstrates 
hypopharyngeal diverticulum. B) Postoperative 
study. Diverticulum is excised, and pharyngotomy 
site is sealed. 


DISCUSSION 

Pharyngoesophageal diverticulum was first de- 
scribed by Abraham Ludlow in 1764. More than a 
century later, Von Zenker and Von Ziemssen reported 
on a collective series of 23 cases; this report led to 
the common eponym given to the diverticulum.! Zen- 
ker's diverticulum is a herniation of the posterior mu- 
cosal wall of the hypopharynx, most commonly 
through Killian's triangle. This is an area situated 
posteriorly between the lower pharyngeal constric- 
tors and the most superior fibers of the cricopharyn- 
geal muscle. The pathophysiology of formation of 
the diverticulum remains controversial and is thought 
to be multifactorial. Most theories on the develop- 
ment of Zenker's diverticulum have focused on struc- 
tural or physiological abnormality of the cricopharyn- 
geal muscle and its relationship to the remainder of 
pharyngeal and esophageal function.?* Commonly re- 
ported predisposing factors include sustained high 
pharyngeal bolus pressure, congenital weakness in 
Killian's triangle, gastroesophageal reflux, and his- 
tologic abnormalities of the cricopharyngeal mus- 
cle.? However, subtle differences in the anatomy and 
pathophysiology of diverticula can affect the ap- 
proach and type of surgical treatment. 

There is a lack of consensus regarding the opti- 
mal surgery for Zenker's diverticulum. The surgical 
treatment needs to be tailored to variations in the 
pathophysiology and potential sites of the diverticu- 
lar herniation. The ideal operation is one that leads 
to resolution of symptoms and early resumption of 
oral feeding in conjunction with low morbidity and 
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short hospitalization. Described techniques include 
diverticulopexy, diverticulectomy through an open 
neck approach, and endoscopic division of the party 
wall between the diverticulum and hypopharynx.! 
Cricopharyngeal myotomy is generally considered to 
be the most important element in improving the sur- 
gical outcome and preventing relapse. 


Endoscopic treatment became more popular after 
Dohlman and Mattssor? reintroduced this approach 
in 1960. The main advantages are a short operative 
time, a short hospital stay, and a low rate of morbid- 
ity. However, there are surgical risks and disadvan- 
tages inherent in this operation. Blind division of the 
party wall of the diverticulum through an endoscopic 
approach may injure the recurrent laryngeal nerve 
as it passes through the Killian-Jamieson dehiscence. 
It could also lead to hypopharyngeal perforation and 
incomplete cricopharyngeal myotomy. 


The open neck approach, on the other hand, pro- 
vides improved visualization and more direct access 
to the diverticulum. This leads to a more complete 
and controlled cricopharyngeal myotomy. Further- 
more, variations in the site of the herniation can be 
identified and the surgery modified accordingly. A 
cricopharyngeal myotomy is not necessary if the sac 
has herniated through the Laimer-Haeckman space, 
located between the cricopharyngeal muscle superi- 
orly and the most superior circular fibers of the esoph- 
ageal wall muscle inferiorly. Performing a cricopha- 
ryngeal myotomy in this situation may in fact pre- 
cipitate postoperative regurgitation. In addition, di- 
verticulectomy through an open approach allows for 
histologic evaluation of the sac to rule out malig- 
nancy, the incidence of which is estimated to be as 
high as 3.795. Despite these advantages, the main 
drawback of diverticulectomy is the need to close 
the resultant pharyngotomy. Traditionally, this has 


been managed by suture closure. Patients are fed 
through a nasogastric tube for approximately a week 
until a BaS demonstrates a healed closure site. Dorion 
et al? described closing the pharyngotomy with non- 
absorbable staples. This prevents contamination of 
the wound with saliva and pharyngeal flora, and 
shortens the operative time. Our study supports the 
benefits of using nonabsorbable staples. This tech- 
nique shortens the operative time dramatically. The 
integrity of the pharyngeal closure is evaluated both 
by direct intraoperative inspection and by BaS soon 
after. Oral feeding can be relatively safely resumed 
within 24 hours of the surgery if the BaS reveals no 
leaks. Since the staples are made of nonabsorbable 
material (titanium), there is no need to wait for mu- 
cosal healing at the pharyngotomy site before initia- 
tion of oral feeding. Furthermore, the cricopharyngeal 
myotomy reduces the pressure generated by the food 
bolus at the pharyngotomy suture line in the imme- 
diate postoperative period. 


Our data demonstrate the low rate of morbidity 
associated with this technique. Closing small pharyn- 
gotomies resulting from diverticulectomy with non- 
absorbable staples is reliable and allows for early re- 
sumption of oral feeding. Further studies are needed 
to determine the feasibility of the technique's use in 
closing longer pharyngeal defects such as that fol- 
lowing laryngectomy. 


CONCLUSION 


In conclusion, Zenker's diverticulectomy through 
an open neck approach using a stapling technique is 
a relatively safe and reliable technique. It is associ- 
ated with a low rate of morbidity, a short operative 
time, and a short period of hospitalization. Pharyn- 
geal closure with nonabsorbable staples usually al- 
lows resumption of oral feeding within 24 hours of 


surgery. 
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A poorly understood neural circuit in the brain stem controls swallowing. This experiment studied the swallowing circuit in the 
rat brain stem by means of fos immunocytochemistry. The fos protein is a marker of activated neurons, and under experimental 
conditions, repetition of a behavior causes the fos protein to be produced in the neurons involved in that behavior. The fos technique 
has been successfully used to delineate neural circuits involved in reflex glottic closure, cough, and vocalization; however, the 
technique has not been used to map the swallowing circuit. Nine rats were used in this study. Swallows were evoked in anesthetized 
rats for 1 hour, then, after a 4-hour delay to allow maximum fos production, the rats were painlessly sacrificed by perfusion. The 
brain stems were removed and sectioned in the frontal plane, and every fourth section was immunoreacted for fos protein. All 
sections were examined by light microscopy, and cells positive for fos were marked on drawings of brain stem structures for different 
levels throughout the brain stem. Control animals underwent sham experiments. After subtraction of the areas of fos labeling seen in 
controls, all experimental rats showed fos-labeled neurons in very discrete and localized areas, including practically all regions 
implicated by prior neurophysiology studies of swallowing. The distribution of labeled neurons was more dispersed through the 
brain stem than current theories of swallowing would suggest. Specifically, recent studies of swallowing control have focused on the 
nucleus of the solitary tract (NST) and the region surrounding the nucleus ambiguus (periambigual area) just rostral to the obex. 
These areas contained fos-labeled neurons, but unexpectedly, heavy labeling was found in the same areas caudal to the obex. Areas 
containing the heaviest labeling were specific subnuclei of the NST and surrounding reticular formation; the periambigual area; and 
the intermediate reticular zone in the pons and caudal medulla. Interestingly, none of these anatomic structures had uniform fos 
labeling; this finding suggests that the unlabeled areas are involved in other oromotor behaviors, or that the specific protocol did not 
activate the full population of swallowing-related neurons. A notable finding of this study is a candidate for the central pattern 
generator (CPG) of swallowing. Careful lesioning studies in cats strongly suggest that a region in the rostral-medial medulla contains 
the CPG for swallowing, although the exact location of the CPG was never pinpointed. In the homologous region of the rat brain 
stem, fos labeling was only found in a small group of neurons within the gigantocellular reticular formation that may be a candidate 
for the CPG. In summary, correlation with prior physiology experiments suggests that this experiment appears to have delineated 
many, if not all, of the components of the swallowing circuit for the first time in any mammal. In addition, other areas were found that 
might also be swallowing-related. One notable example is a small group of fos-labeled cells that may be the CPG for swallowing. 
Further studies are required to clarify the specific roles of the fos-labeled neurons seen in this study. 


KEY WORDS — central pattern generator, fos immunocytochemistry, nucleus ambiguus, recurrent laryngeal nerve, reticular 
formation, solitary tract nucleus, swallowing. 


Progress in the diagnosis and treatment of dyspha- 
gia requires an understanding of the central nervous 


are performed by infants with severe cortical defi- 
cits, and by normal human fetuses before develop- 


system control of swallowing. Swallowing involves 
a sequence of well-coordinated contractions and re- 
laxations of the muscles of the oral cavity, pharynx, 
and esophagus. Swallowing can be evoked by stimu- 
lation of either central (cortex and brain stem) or pe- 
ripheral structures (glossopharyngeal nerve and su- 
perior laryngeal nerve [SLN]). It is a complex reflex 
that is controlled by interneurons organized into a 
functional circuit located in the brain stem; animals 
whose brain stems have been experimentally discon- 
nected from the cortex are still capable of perform- 
ing complete swallows.!-3 In humans, the cortex usu- 
ally initiates swallowing; however, normal swallows 


ment of cortico-subcortical pathways.^9 Therefore, 
swallowing appears to be no different from a variety 
of repetitive oromotor acts, such as licking, suckling, 
and chewing, that have also been shown to have their 
control circuits in the brain stem. 


The brain stem consists of 3 parts: the midbrain, 
the pons, and the medulla oblongata (Fig 1A). On the 
basis of lesion, stimulation, and microelectrode re- 
cording experiments, the swallowing circuit is be- 
lieved to be located in the medulla oblongata, 15.712 
The first neurons in the circuit receive and integrate 
afferent impulses from the cortex or the peripheral 
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Fig 1. Parts of brain stem involved in swallowing. A) Three parts of brain stem are shown: midbrain, pons, and medulla 
oblongata. Swallowing center is believed to be located in medulla oblongata. Nucleus of solitary tract (NST) receives sensory 
input from both glossopharyngeal (IX) and vagus (X) nerves. B) Cross section at obex level in medulla oblongata. Diffuse area 
of neurons between dashed lines shown on left half of brain stem is called reticular formation (RF). RF itself is divided into 
intermediate reticular formation (IRF; commonly known as intermediate reticular zone), parvocellular reticular formation 
(PRF), and gigantocellular formation (Gi), shown on right. Four areas have been implicated in swallowing control by various 
investigators, depicted in A and B (right half) with numbers: 1 — NST and its surrounding reticular formation; 2 — RF 
neurons surrounding nucleus ambiguus (NA), also called periambigual area; 3 — neurons in caudal pons; 4 — neurons in 
medial part of RF in rostral medulla oblongata. AP — area postrema; CC — central canal; DMV — dorsal motor nucleus of 
vagus; IO — inferior olive; Pyr — pyramidal tract; V — trigeminal nucleus; sp5 — trigeminal nerve tract; XII N — hypoglos- 


sal nucleus; XIIn — hypoglossal nerve. 


nerves, and then activate a second group of neurons 
that set the sequence and timing of the swallow. These 
neurons have been referred to as the swallowing cen- 
ter or the central pattern generator (CPG). The final 
stage of the circuit is the premotor neurons that di- 
rectly control the activity of the motoneurons. 


The locations of the neurons that receive sensory 
input and the motoneurons that directly control mus- 
cle contraction in swallowing are fairly well defined. 
In reflex swallowing evoked by stimulation of the 
pharynx, the neurons that receive and integrate sen- 
sory input are located in the nucleus of the solitary 
tract (NST; Fig 1B)? the principal sensory nucleus 
of the pharynx and esophagus. At the efferent or mo- 
tor end of the circuit lie the motor nuclei: the nucleus 
ambiguus (NA), which controls the pharyngeal and 
esophageal muscles; the hypoglossal nucleus, which 
controls the tongue muscles; and the facial and tri- 
geminal nuclei, which play a lesser role in swallow- 
ing. However, between these sensory and motor neu- 
rons, there is disagreement regarding the location of 
the other components of the swallowing circuit, and 
especially its key component, the swallowing cen- 
ter. Early neural tracing studies in cats by Holstege 
et al!? and neurophysiological studies in rabbits by 
Sumi!^ suggested that part of the swallowing center 
lies in front of the medulla, in the caudal pons (Fig 
1A), although later experiments suggest that this area 
is not essential for swallowing.!> More recent stud- 
ies have implicated the region of the reticular forma- 
tion (RF) lying between the hypoglossal nucleus and 
the NA (Fig 1B). On the basis of lesion studies in 
various animal species, Doty et al^? concluded that 


the control center lies in the medial part of the RF. In 
contrast, Barrett et al! have suggested that the con- 
trol center may lie within the NST. After studying neu- 
rophysiological recordings from single neurons dur- 
ing evoked swallows, Kessler and Jean!? and Amri 
et al!" suggested that part of the swallowing circuit 
is also present below the NST and in the periambigual 
area, a poorly understood area surrounding the NA. 
In summary, the control of swallowing is currently 
thought to be divided between 2 areas: a dorsal part 
of the RF near the NST, and a ventral part surround- 
ing the NA}.!7.18, however, the issue remains con- 
troversial. 


Physiological animal studies of swallowing have 
largely consisted of painstaking experiments in which 
electrodes are lowered into the brain stem to record 
the activity of individual neurons during reflex swal- 
lowing.^$8.14.15.1720 These experiments have been 
able to identify neurons corresponding to the differ- 
ent functional parts of the swallowing circuit alluded 
to above. However, the drawback to this technique 
is that each of these experiments samples just a few 
of the thousands of neurons that are active during 
the act of swallowing. In addition, it is difficult to 
accurately localize the position of the cell being re- 
corded. The second major technique used to study 
swallowing is primarily anatomic. Retrograde trac- 
ing is done from swallowing-related muscles such 
as the esophagus by means of the transsynaptic neu- 
ral tracer pseudorabies virus. Other experiments di- 
rectly inject neural tract tracers such as horseradish 
peroxidase into motor nuclei to identify their premo- 
tor neurons. These studies have been extremely pro- 
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ductive in showing the general patterns of neural con- 
nections in the brain stem. However, these traced con- 
nections are not specific to any single function. For 
example, the tongue is active during licking, chew- 
ing, suckling, respiration, vocalization, and swallow- 
ing. Different brain stem circuits control these ac- 
tivities, yet they share premotor and motor neurons 
that contro] tongue motions. The neurons involved 
in the oral and pharyngeal stages of swallowing ap- 
parently have no distinctive appearance and are inter- 
mixed among similar neurons controlling other func- 
tions. (One exception appears to be the reflex circuits 
modulating esophageal peristalsis. Direct connections 
have been identified between interneurons of the NST 
and esophageal motoneurons, and these interneurons 
are distinctive in their use of nitrous oxide as one of 
their neurotransmitters.) 


A major problem in swallowing research has been 
the lack of a technique that identifies a functional 
network with resolution at the level of individual 
neurons. Previously, the only technique that could 
identify active neurons was radioactive glucose up- 
take, and the resolution of this method is very poor?! 
Recently, fos immunochemistry has been used as a 
high-resolution metabolic marker for functional net- 
works in the brain and spinal cord?? (for review, see 
additional references?125), In the fos technique, the 
behavior to be studied 1s evoked repeatedly in an ani- 
mal, to cause supraphysiologic stimulation of the neu- 
rons active during the behavior and trigger expres- 
sion of the fos gene. The messenger RNA is trans- 
lated into the fos protein in the cytoplasm that 1s trans- 
ported back to the nucleus, where it acts as a promo- 
tor of protein expression. These proteins may be dif- 
ferent in each particular type of neuron; however, 
the fos protein is common to all and can be detected 
by a specific antibody. Many experiments have used 
the fos technique to map functional central nervous 
connections. These experiments are often designed 
to use sensory stimulation2® 9 to evoke specific mo- 
tor behaviors.?1?? In the upper airway, fos immuno- 
cytochemistry has been used to study coughing,?^ re- 
flex glottic closure,?? and reflex modulation of vo- 
calization.2? It has also been used to study feeding 
regulation,398 gustatory processing,?2353? and con- 
ditioned taste aversion.28.35,40 


Like any other technique, fos immunochemistry 
has its limitations. A common problem is false-posi- 
tive fos-stained neurons resulting from anesthesia, 
surgery, or other technical aspects of the experimen- 
tal protocol. Surgical stress, pain, anxiety, prolonged 
tachycardia, and tachypnea can all induce fos in cells 
regulating these activities.2! For these reasons, proper 
controls are particularly important in fos experiments. 
In addition, motoneurons appear to stain poorly with 
this technique. The reason for this poor staining is 
not known. It is possible that the large motoneurons 


require more time to transport the fos protein back 
to the nucleus. However, locations of motoneurons 
involved in swallowing have already been defined, 
and they can be stained readily with special stains 
(see Materials and Methods). 


The most important consideration in designing a 
fos experiment to study swallowing is to evoke only 
swallowing with the stimulus. Previous investigators 
who studied the neurophysiology of swallowing re- 
lied on stimulating the SLN to evoke a swallowing 
reflex. However, stimulation of the SLN also can 
cause cough, reflex glottic closure, and significant 
changes in cardiovascular and respiratory activity. 
The fos protein is expressed in the neurons involved 
in all these activities, and it would be impossible to 
distinguish them from neurons involved in swallow- 
ing. Recently, stimulation of the recurrent laryngeal 
nerve (RLN) was shown to evoke swallowing in rats 
without any other upper airway behavior (Tsai et al, 
unpublished observations). Therefore, it appeared that 
the combination of fos immunochemistry, which iden- 
tifies activated neurons, and RLN stimulation, which 
evokes only swallowing, would be an ideal combi- 
nation for studying the neurons that are active, and 
presumably participating, in the brain stem swallow- 
ing control circuit. 


MATERIALS AND METHODS 


A total of 9 adult male Sprague-Dawley rats weigh- 
ing approximately 600 g were used in this experi- 
ment. The rats were divided into 2 groups, with 3 
experimental rats and 3 controls in each group. Two 
more rats were used for Nissl staining (to identify 
brain stem landmarks^!) and for immunocytochemi- 
cal staining for calcitonin gene-related peptide 
(CGRP; the most reliable method for identifying mo- 
toneurons??). Another animal was required for test- 
ing various stimulation paradigms. To minimize back- 
ground fos due to stress, we kept all animals on a 12- 
hour day-night cycle and deeply anesthetized with a 
combination of ketamine hydrochloride (85 mg/kg) 
and xylazine (12 mg/kg) given intraperitoneally soon 
after removal from their cages. Additional 0.15- to 
0.2-mL intraperitoneal boluses were given periodi- 
cally to maintain the anesthesia. All rats were main- 
tained at normal body temperature with a heat lamp. 


Reflex-Evoked Swallowing. A midline skin inci- 
sion was made from the sternal notch upward to the 
mandible. The digastric muscle was retracted to ex- 
pose the geniohyoid muscle. Dissection in the mid- 
line of the neck was performed to the trachea, the 
RLN was isolated in the tracheoesophageal groove, 
and its branches to the esophagus were severed as 
far down in the chest as possible to avoid any reflex 
activation of the RLN from the esophagus. The nerve 
was sectioned close to its entrance into the larynx, 
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Fig 2. A) Schematic shows experimental preparation. Electrical stimulation was applied to recurrent laryngeal nerve (RLN) in 
rat, and excitation of sensory axons was transmitted to NST to elicit swallows. RLN also contains autonomic and motor axons 
that were stimulated. Autonomic axons originate from neurons in DMV, and motor axons originate from NA. Although moto- 
neurons do not stain well with fos, DMV and NST were heavily stained on stimulated side. B,C) Electromyography (EMG) 
recordings were made from geniohyoid (GH) and inferior pharyngeal constrictor (IPC) muscles to confirm swallows. B) 
Geniohyoid EMG from 5 consecutive swallows. C) GH and IPC EMGs from evoked and spontaneous swallows. Evoked 
swallow corresponds to nerve stimulation seen at bottom of Figure. Note that evoked swallows are identical to spontaneous 


swallows. 


and the proximal (central) end was placed on bipo- 
lar electrodes. Mineral oil was used to keep the nerve 
moistened. Electromyography (EMG) recording hook 
wire electrodes were inserted into the geniohyoid and 
inferior pharyngeal constrictor muscles, and surface 
electrodes were placed on the chest to monitor the 
heart rate. The swallows were confirmed on EMG, 
as well as by visual inspection, in which the larynx 
was seen to rise as it does during normal swallows. 
Additionally, EMG of the geniohyoid and inferior 
pharyngeal constrictor muscles was also recorded 
during spontaneous swallows in a separate experi- 
ment, and was found to be identical to swallows 
evoked during RLN stimulation (Fig 2C). The RLN 
was stimulated in the first rat in order to study the 
electrical parameters that would give a consistent re- 
sponse. This rat was not used in any other part of the 
experiment. Three rats were then used for stimula- 
tion in which the RLN was stimulated every 7 sec- 
onds with a pulse train of 500 ms at 60 Hz, each 
pulse having a 0.2-ms duration and a current of 0.2 
mA. These parameters were found to give consis- 
tent swallows every time in all 3 rats. No other up- 
per airway behavior was observed during the experi- 
ment. Swallowing was thus evoked for 1 hour, and 
the rats were then maintained under anesthesia for 
an additional 4-hour period so that the fos levels 
would reach their peak. The rats were then painlessly 
sacrificed by perfusion under anesthesia (as described 
below), and the brain stem was dissected out for fos 
immunocytochemistry. Three control rats underwent 
a sham operation identical to that of the experimen- 


tal group, but without stimulation. Two more rats were 
sacrificed, and their brain stems were sectioned and 
used for Nissl staining,*! a common histology stain 
that shows cell bodies, and CGRP staining (immuno- 
cytochemical method of identifying motoneurons^). 
These sections, along with the atlas of the rat brain 
published by Paxinos and Watson,4> were used to 
identify brain stem structures. 


Perfusion and Immunocytochemistry for Fos and 
CGRP. Similar perfusion and immunocytochemical 
procedures were followed for both fos and CGRP 
staining in different rats, as mentioned above. Under 
anesthesia, the rats were transcardially perfused with 
250 to 300 mL of 0.1-mol/L phosphate-buffered sa- 
line solution (PBS; 37?C), followed by 500 mL of 
cold (4°C) 4% paraformaldehyde solution in 0.1-mol/ 
LPBS, pH 7.4. The brain stem was removed and post- 
fixed for 12 hours in the same solution. It was then 
transferred into a 2096 sucrose solution and stored at 
4°C overnight. The brain stem was removed from 
the sucrose solution, frozen, mounted in a cryostat, 
and serially sectioned at 40 um in the frontal plane. 
The sections were numbered, and the distance from 
the obex was recorded for each section. Every fourth 
section was placed in a plastic well and rinsed in 0.1- 
mol/L PBS at 4°C and then processed for fos immu- 
nocytochemistry. The remaining sections were saved 
for use in case of technical problems with the immu- 
nocytochemical reaction. After rinsing, the sections 
were preincubated for 1 hour at room temperature in 
a blocking solution containing 1% normal bovine se- 
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Fig 3. A) Diagram of brain stem shows where representative sections outlined in Results section were taken. Five levels were 
chosen to adequately represent all areas that have been implicated in swallowing control and those that were seen in our 
experiment: I — caudal pons; H — rostral medulla; IH — mid-medullary region; IV — obex; V — caudal medulla. B) Each 
section was divided into 3 regions: dorsal, middle, ventral. Regions of interest (ROIs) were defined in each region based on 
Nissl and calcitonin gene-related peptide—stained sections and atlas of rat brain published by Paxinos and Watson.*? ROIs are 

. defined as follows. Dorsal region is NST, DMV, and hypoglossal nucleus (XII N). NST itself is divided into interstitial, inter- 
mediate, ventrolateral, dorsomedial, central, and commissural subnuclei. Each of these subnuclei were defined according to 
atlas. Middle region is trigeminal nucleus (V); RF is divided into PRF, IRF, and medial gigantocellular area (Gi). Ventral 
region is NA; RF is divided into periambigual area, ventral gigantocellular formation (Gi), and IO. 


rum albumin and 0.1% Triton X-100 in 0.1-mol/L 
PBS. The sections for fos immunocytochemistry were 
then transferred into primary fos antiserum (fos Ab- 
f, Calbiochem, San Diego, Calif: PC38-S, a rabbit 
polyclonal IgG, directed against residues 4 through 
17 of fos).^! The fos antiserum was diluted to a con- 
centration of 1:10,000 with the above blocking solu- 
tion. The sections for CGRP immunocytochemistry 
were incubated with rabbit anti-CGRP (Sigma, St 
Louis, Mo) diluted to 1:8,000 in the above blocking 
solution.? The sections were developed with a bio- 
tinylated second anti-rabbit IgG antibody (Vector 
Laboratories, Burlingame, Calif) diluted to 1:200 
with 1% goat serum in 0.1-mol/L PBS and avidin- 
biotin horseradish peroxidase complex. These were 
then reacted with diaminobenzidine in the presence 
of hydrogen peroxide. The immunostained sections 
were rinsed, air-dried, and mounted. Fos protein ap- 
pears dark brown with this method. 


RESULTS 


Stimulation of the RLN consistently evoked a swal- 
low in all 3 experimental animals. This finding was 
confirmed by EMG of the geniohyoid and inferior 
pharyngeal constrictor muscles, as well as by visual 
inspection. Other upper airway behaviors, such as 
cough or gag, were not seen. 


The sections were examined with a Zeiss Axiophot 
photomicroscope (Carl Zeiss, Inc, Thornwood, NY). 
The analysis included sections from the caudal (low- 
er) pons to the caudal pole of the inferior olive (IO). 
The contralateral side of the brain stem was used for 
analysis, as the RLN contains motor and autonomic 
components whose neurons were also activated on 


the stimulated side. High-resolution digital photo- 
graphs were taken of representative sections at 2.5x, 


‘which gives a photomicrograph of half a brain stem 


section. The hemisection was then photographed at 
10x with 6 photographs, which overlapped slightly 
along their borders to allow for alignment. The Nissl 
and CGRP sections were photographed similarly. 
These, along with the atlas of the rat brain by Paxinos 
and Watson, €? were used to identify the primary re- 
gions of interest (ROIs; see below and Fig 3): areas 
that have been implicated in swallowing. Blank out- 
lines of the brain stem sections showing the major 
ROIs were then copied from the Paxinos and Watson 
atlas, and areas with fos-labeled cells on the photo- 
micrographs were marked on these outlines. A simi- 
lar set of outlines was created for the control cells as 
well. Representative sections are shown in Figs 4-8, 
comparing the swallowing and the control rats. The 
brain stem regions at these representative levels as 
defined in the Paxinos and Watson atlas are also 
shown. The distances shown are relative to the obex 
in the rostral-caudal axis. The obex is the point in 
the medulla at which the central canal opens into the 
fourth ventricle. This landmark is easily identified 
in most animals, including rats. As is common when 
reporting data in the brain stem, the obex has been 
designated as the zero mark; levels above the obex 
have a plus sign, and those below it have a minus 
sign. 


Each brain stem hemisection was further divided 
into dorsal, middle, and ventral regions to aid in the 
analysis, and the primary ROIs were defined in each 
region. The primary ROIs in the dorsal region in- 
clude the NST, the dorsal motor nucleus of the va- 
gus nerve, and the hypoglossal nucleus. The NST 





Fig 4. Level I: caudal pons (3.2 mm). Figure shows outlines as defined in atlas of rat brain published by Paxinos and 
Watson.*3 ROIs labeled with fos were marked on these outlines for both experimental and control rats. Fos-labeled neurons are 
represented with dots. Number of dots does not correspond to actual number of fos-labeled neurons. A) Experimental rat. 
Notice areas of fos-labeled neurons localized to central zone in section just medial and ventral to facial nerve tract (7n). This 
area is defined as IRF in atlas. B) Control rat. No significant numbers of fos-labeled cells were identified in this region. Every 
section had few fos-labeled neurons located outside ROIs in both experimental and control rats that were not localized into 
groups. Those have been omitted from outlines for clarity. 7 — facial nucleus; 7n — facial nerve tract; g7 — genu of facial 
nerve; 8vn — vestibular root of eighth nerve; py — pyramidal tract; scp — superior cerebellar peduncle; sp5 — spinal 
trigeminal tract. 
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itself is divided into the interstitial, intermediate, ven- 
trolateral, dorsomedial, central, and commissural sub- 
nuclei. Each of these subnuclei were defined accord- 
ing to the atlas of Paxinos and Watson.^? The pri- 
mary ROIs in the middle region include the trigemi- 
nal nucleus and the subdivisions of the RF, includ- 
ing the lateral parvocellular reticular formation (PRF), 
the intermediate reticular formation or zone (IRF), 
and the medial gigantocellular area. The primary ROIs 
in the ventral region include the NA, the IO, and the 
subdivisions of the RF, including the periambigual 
area and the ventral gigantocellular area. 





La M SoM 








= tme 


- 
` 

— — 
mn = 


p nt irs ee Spa Sp mms 
A ous im Un oe oes ee a 


A 


Areas common to both the experimental and the 
control groups (Fig 9) included parts of the IO (Figs 
9 and 10), the RF area ventral to the NA (respiratory 
area), and the central subnucleus of the NST (Figs 9 
and 11). These areas were not considered to play a 
role in swallowing control. As to the areas specific 
to the experimental group, 5 representative levels 
were chosen to show the neurons labeled with fos 
(Fig 3). These include the caudal pons, the rostral 
medulla, the mid-medullary region, the obex, and the 
caudal medulla. The ROIs containing fos-labeled 
cells were marked on the outlines at each of these 
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Fig 5. Level II: rostral medulla (+2.2 mm). Representative sections through rostral medulla. A) Experimental rat. Fos-labeled 
neurons were identified in NST and periambigual area. These 2 areas have been implicated in swallowing by other investiga- 
tors. Surprisingly, fos-labeled neurons in these areas were fewer than in other areas that were identified as swallowing-related 
in experimental rats. In addition to these areas, medial part of RF called gigantocellular reticular formation (GiF) was identi- 
fied as having large numbers of fos-labeled neurons, especially in its ventral aspect. This area has not traditionally been 
implicated in swallowing. B) Control rat. Note complete absence of fos-labeled neurons in NST and GIF. Some fos-labeled 
neurons were identified ventral to NA that are probably related to respiratory and cardiovascular function. icp — inferior 
cerebellar peduncle; py — pyramidal tract; sol — solitary tract; SoIVL — ventrolateral subnucleus of NST; SolIM — interme- 
diate nucleus of NST; sp5 — spinal trigeminal tract. 
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Fig 6. Level IIT: middle medulla (+1.0 mm). Representative sections through mid-level of medulla. A) Experimental rat. Fos- 
labeled neurons were identified in NST and periambigual area. Note that number of fos-labeled cells in these areas above obex 
was less than in these areas below obex and most other areas identified as swallowing-related in this study. In NST, these neurons 
were localized mostly in its SoIVL and surrounding RF, with some neurons in SolIM. Neurons in periambigual area were iden- 
tified dorsal as well as ventral to NA. Cells ventral to NA were mostly mixed with respiratory cells. RVRG — rostroventral 
respiratory group in atlas of Paxinos and Watson.^? Probably more important are localized fos-labeled neurons, identified in 
medial part of RF, defined as gigantocellular reticular formation (GiF) and ventral gigantocellular formation (GiV). These areas 
have not traditionally been implicated in swallowing. B) Control rat. Fos-labeled cells were mostly identified ventral to NÀ in 
RVRG. Note also complete absence of fos-labeled neurons in IO above obex in both experimental and control rats. icp — inferior 
cerebellar peduncle; py — pyramidal tract; sol — solitary tract; sp5 — spinal trigeminal tract; Li — linear nucleus. 


levels. The fos-labeled outlines are shown in Figs 4- 
8. 


Inthe caudal pons (Fig 4), the dorsal region showed 
no significant labeling in any of the ROIs. In the mid- 
dle region, fos-labeled cells were identified in the 
IRF (Figs 4 and 12). In the ventral region, no signifi- 
cant labeling was identified in any of the ROIs. In 
the rostral medulla (Fig 5), the dorsal region showed 
fos labeling in the NST with some surrounding RF 


A 4 ht \ 
sp5 D, APO ev TTL 
SolVL con 2,27 DMN ‘ 
P4 r X 
| Sf 4 H E 
—'7 Y fRE/ Ne 
ee e 
. E a t P4 H : 
RG? z~: f 
EN M . H 
JANI, fy 
tea RS ; 
- * S | MA 
E - 








laterally. The middle region showed fos labeling in a 
subset of the gigantocellular RF. The ventral region 
had labeling in the periambigual reticular area and 
the ventral gigantocellular area. In the mid-medul- 
lary level (Fig 6), the dorsal region showed fos label- 
ing in the NST and surrounding RF laterally; the mid- 
dle region had fos labeling in a subset of the giganto- 
cellular RF; and the ventral region had fos labeling 
in the periambigual reticular area and ventral giganto- 
cellular area. In the obex (Fig 7), the dorsal region 
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Fig 7. Level IV: obex (0 mm). Sections of brain stem through obex. Obex is most consistent and easily defined Jandmark in 
brain stem. All other sections were measured relative to obex, obex being 0 mm. A) Experimental rat. Fos-labeled neurons 
were identified in NST, periambigual area, and parts of IRF and PRF between them. In NST, fos-labeled neurons were local- 
ized to specific subnuclei as defined in atlas of Paxinos and Watson.^? These are central subnucleus (SolCe), interstitial 
subnucleus (Soll), SolIM, and SolVL. Of these, Soll and SolIM are known to receive sensory afferents from pharynx and 
esophagus. SoIVL, however, along with surrounding RF, is probably involved in swallowing. Note also that periambigual 
neurons are found all around NA, including ventrally, where they are mixed with neurons known to be involved with respira- 
tion (RVRG). However, experimental group contained far more fos-labeled neurons in this area than did control group. B) 
Control rat. Fos-labeled neurons were identified in SolCe, ventral to NA in RVRG, and in IO. These cells were not considered 
to be important in swallowing. 
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Fig 8. Level V: caudal medulla (-0.7 mm). Sections through caudal medulla, below obex. A) Experimental rat. /os-labeled 
neurons are identified in NST, periambigual area, and IRF and PRF areas between them. Specific subnuclei within NST were 
labeled, including SolCe, SolIM, Soll, and SoIVL. Cells in periambigual reticular area mostly belong to IRF and PRF. Note 
that fos-labeled neurons ventral to NA are mixed with those involved in respiration (CVRG in atlas of Paxinos and Watson). 
Nevertheless, there are far more fos-labeled neurons ventral to NA compared to control. B) Control rat. Areas containing fos- 
labeled neurons include SolCe of NST, respiratory area ventral to NA (CVRG), and part of IO. These areas were not consid- 
ered to be important in swallowing control. sp5 — spinal trigeminal tract; py — pyramidal tract. 


showed fos labeling in the NST (interstitial, interme- 
diate, and ventrolateral subnuclei) and the surround- 
ing RF (Fig 13). The middle region showed labeling 
in the IRF (Fig 13) and the PRF. The ventral region 
had labeling in the periambigual reticular area. In 
the caudal medulla (Fig 8), the dorsal region had la- 
beling in the NST (interstitial, intermediate, and ven- 
trolateral subnuclei) and the surrounding RF (Fig 11); 
the middle region had fos labeling in the IRF and the 
PRF; and the ventral region had fos labeling in the 
periambigual reticular area. 


DISCUSSION 


The present study appears to have identified many, 
if not all, of the swallowing-related neurons within 
the brain stem for the first time in any mammal. Af- 
ter we subtracted areas of fos labeling seen in con- 
trol areas, only a small fraction of the brain stem neu- 


Fig 9. Brain stem section of con- 
trol rat at obex shows fos-labeled 
neurons. Note relative paucity of 
fos-labeled neurons in most ROIs. 
Labeled cells were localized to 3 
areas in brain stem: SolCe, part 
of IO, and area ventral to NA de- 
fined as RVRG in atlas of Paxinos 
and Watson.?? RVRG contains 
cells involved in respiratory con- 
trol. None of areas implicated in 
swallowing were labeled. Local- 
ization of fos neurons to specific 
loci like RVRG shows ability of 
fos immunocytochemistry to 
mark specific systems. 12n — hy- 
poglossal nerve tract; py — pyra- 
midal tract; sol — solitary tract; 
sp5 — spinal trigeminal tract; XII 
— hypoglossal nucleus. 





rons were labeled with fos, and these were concen- 
trated in discrete areas. As explained below, almost 
all areas that previously reporting neurophysiologists 
have identified as being related to swallowing were 
represented in the experimental animals. In addition, 
some novel areas that have not been reported to be 
swallowing-related were also seen. Whether these 
reflect unrecognized functional areas of the swallow- 
ing circuit or are merely artifacts requires further study 
to decide. The fos technique shows all neurons in- 
volved in an activity; however, it does not differen- 
tiate between activity patterns of different areas. Nev- 
ertheless, correlation with prior physiology experi- 
ments allows some inferences to be made regarding 
the functions of the components of the swallowing 
circuit outlined by the current experiment. One un- 
expected finding was that the area directly rostral to 
the obex that has been the focus of most research 
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had relatively few fos-labeled cells. In contrast, the 
caudal part of the pons, the gigantocellular RF and 
its ventral part, and especially the NST and the peri- 
ambigual area caudal to the obex had many fos-la- 
beled cells. Cell numbers do not translate into the 
importance of any given area, as in the nervous sys- 
tem, small numbers of cells can control the activity 
of large groups of neurons or even entire nuclei. How- 
ever, the experimental results suggest that the swal- 
lowing circuit is distributed in a more balanced way 
in the brain stem than is currently believed. 


A critical aspect of the experiment was the use of 
RLN stimulation to evoke swallows. In anesthetized 
rats, each stimulation of the RLN evoked a swallow 
for the entire hour of the experiment, and EMG of 
the geniohyoid muscle, as well as visual observation, 
confirmed this. Other upper airway behaviors, such 
as cough and gag, were not seen. It is not intuitive 
that RLN stimulation would result in swallowing. 
The sensory component of the RLN innervates the 
subglottis and trachea, and stimulation of these ar- 
eas produces cough at low thresholds. However, the 
RLN also carries sensory innervation to the esopha- 
geal mucosa, and the stimulation may mimic the pres- 
ence of a large food bolus to elicit swallowing. Inves- 
tigators have noted that the swallowing reflex tends 
to override the respiratory reflexes, and this finding 
may explain why swallowing is produced instead of 
a cough. However, although the motor act of cough- 
ing was not seen, the sensory neurons originating 
from the trachea must have been activating interneu- 
rons in the NST related to respiratory function. In 
addition, the absence of cough suggests the activa- 
tion of many inhibitory neurons. All these neurons 
would be expected to stain for fos and are no differ- 
ent in appearance from swallowing-related interneu- 


Fig 11. A) Section through cau- 
dal medulla shows NST in experi- 
mental rat. Fos-labeled cells were 
identified in Soll, SoIIM, SolVL, 
and SolCE in experimental rats 
at various levels below obex. B) 
Section through caudal medulla 
shows NST in control rat. Note 
that SoICE was labeled in both 
experimental and control rats (ar- 
rows). st — solitary tract. 


Fig 10. A) Section from caudal medulla shows 
IO in experimental rat. B) Section through cau- 
dal medulla shows IO in control rat. Note that 
discrete region is labeled within IO at exactly 
same location in both rats (arrows). This fur- 
ther shows ability of fos immunocytochemis- 
try to highlight subset of neurons in given nu- 
cleus that may be specific to certain function. 


rons. This is the only source of false-positive label- 
ing that is specific to the protocol and would not be 
reflected in the control animals. 


Upon RLN stimulation, impulses are transmitted 
along the sensory component of the nerve to the cau- 
dal part of the NST on the stimulated side. The NST 
is the principal sensory nucleus for the upper airway 
structures and the cardiovascular system. These im- 
pulses are then transmitted to the neurons that ini- 
tiate swallowing on both sides of the brain stem. (It 
is known that each side contains independent but 
coupled swallowing circuits.) Next, a poorly under- 
stood swallowing center (also called the CPG) then 
activates the premotor neurons in a sequential man- 
ner, which then stimulate the motoneurons. There- 
fore, except for the neurons stimulated by the anes- 
thesia, the fos staining closely follows the specific 
neural circuitry involved in swallowing. This fact is 
supported by the concentration of localized groups 
of fos-positive neurons in specific areas of the brain 
stem that have been shown previously to be active in 
swallowing (by neurophysiology experiments that re- 
cord individual neurons). The more obvious choice 
for eliciting swallows would seem to be the SLN, 
which most neurophysiology experiments have used. 
However, stimulation of this nerve also causes cough, 
reflex glottic closure, and significant changes in the 
neural control of cardiovascular and respiratory ac- 
tivity. Fos protein would be expressed in neurons in- 
volved in all these activities, and it would be impos- 
sible to discriminate them from those involved in 
swallowing. 

One of the notable findings from this experiment 
was the presence of fos-labeled neurons in unex- 
pected areas. For example, in cat experiments, Hol- 
stege et al!? injected neural tracers into a small area 
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Fig 12. Photomicrographs of brain stem sec- 
tions taken through caudal pons. A) Low-power 
view (original x2.5) shows location of IRF ad- 
jacent to facial nerve tract (7n) in experimen- 
tal rat. B) High-power view (original x10) of 
IRF in A. Note large numbers of fos-labeled 
neurons in IRF (arrows). C) Low-power view 
(original x2.5) of caudal pons shows IRF in 
control rat. D) High-power view (original x10) 
of IRF in C. No significant numbers of fos-la- 
beled cells were identified in IRF. g7 — genu 
of facial nerve; V — trigeminal nucleus. 


of the pons just dorsal to the superior olive and dem- 
onstrated that it had axonal projections to all the mo- 
tor nuclei active during swallowing. Sumi!* was able 
to evoke swallowing by electrically stimulating a ho- 
mologous area in the pons of rabbits. However, in 
rats, Kessler and Jean? methodically explored the 
pons with microstimulation, but were unable to evoke 
swallowing, and the attention of later researchers 
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shifted to the medulla. Our results showed that a very 
localized area of the RF in the pons contained fos- 
labeled neurons (Fig 4). This area is defined as the 
IRF (Figs 4 and 12) in the Paxinos and Watson at- 
las,?? and is quite rostral to the point at which the 
RLN sensory neurons terminate in the NST. The IRF 
is a recently described anatomic entity that extends 
from the NST to the NA and is present throughout 


Fig 13. Brain stem section from 
experimental rat shows fos-la- 
beled neurons on side opposite 
nerve stimulation. A) Low-power 
view of brain stem at level of obex 
(original x3.2). B) Schematic of 
A shows locations of labeled neu- 
rons. Localized areas of labeled 
neurons were identified in NST, 
area surrounding NA, and parts of 
RF between these areas (IRF and 
PRF). Fos-labeled neurons were 
also identified in IO. C,D) Mag- 
nified boxes in A. C) High-pow- 
er view of area surrounding NA 
(original x20). Note fos-labeled 
cells above NA in IRF. IRF is sub- 
division of RF extending from 
NST to NA. D) High-power view 
of NST (original x20). At differ- 
ent levels below obex, fos-labeled 
neurons were identified in Soll, 
SolIM, SolVL, and SolCE. SoICE 
and IO were also labeled in con- 
trol rats and were not thought to 
be important in swallowing. 
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the length of the brain stem. The presence of fos- 
labeled cells in the pons may represent the premotor 
neurons for rostrally located motor nuclei such as 
the facial and trigeminal nuclei. 


Another region that was labeled and has not re- 
ceived attention recently as having importance for 
swallowing is a relatively obscure region of the RF 
in the medial part of the brain stem. It appears to ex- 
tend from the mid-level of the facial nucleus to the 
obex, although most cells were seen caudal to the 
facial nucleus and rostral to the obex. According to 
Paxinos and Watson,* this area probably lies in a 
subset of the gigantocellular RF and its ventral part 
(Fig 5). Doty? reported that lesions in this area elimi- 
nated reflex swallowing in a variety of species. He 
concluded that the swallowing center (CPG) lies in 
this area, approximately 1.5 mm lateral to the mid- 
line and between 1 and 3 mm dorsal to the rostral 
pole of the IO. The area described by Doty appears 
to be homologous to the general area in the rat con- 
taining the fos-labeled neurons of the gigantocellular 
RF and its ventral part. This area is a possible candi- 
date for the CPG of swallowing. 


Another notable finding was the heavy fos label- 
ing caudal to the obex in the NST, its surrounding 
reticular area, and the periambigual area (Figs 7 and 
8). Most neurophysiological studies have found little 
activity in the neurons below the obex during swal- 
lowing. Increased fos labeling in the NST can be 
caused by sensory feedback originating in the esopha- 
gus on the unstimulated side through its intact RLN. 
The sensory afferents from the RLN are known to 
localize to the cells in the NST below the obex. It is 
interesting to note that the sensory afferents from the 
SLN, which most previous investigators have used, 
localize in the NST rostral to the obex. It is possible 
that the swallowing center is distributed over a length 
of the medulla on either side of the obex, and that 
depending on the region of the NST being stimu- 
lated (rostral or caudal to the obex), the swallowing 
center is regionally activated. For this to be true, the 
swallowing center would have to be interconnected 
with most orofacial nuclei throughout its rostral-cau- 
dal length. However, such anatomic connections have 
not yet been defined. It appears that this caudal re- 
gion has largely been ignored in most previous stud- 
ies. 

The fos-labeled cells in the NST below the obex 
appeared to be concentrated in specific locations with- 
in the nucleus. An area that was common to both the 
control and experimental animals was the central sub- 
nucleus of the NST (Figs 9 and 11). This area could 
be related to the respiratory or cardiovascular activ- 
ity of the rats in either group. Most other cells in the 
experimental rats localized to the interstitial, inter- 
mediate, and ventrolateral subnuclei of the NST. Of 
these, the interstitial and the intermediate subnuclei 


are known to contain sensory neurons innervating 
the pharynx and the esophagus. These could have 
been activated during the swallow on the unstimu- 
lated side through its intact RLN. However, the ven- 
trolateral nucleus is not known to contain sensory 
nuclei to either of these structures. It is possible that 
this part of the NST contains cells that play a role in 
swallowing control. Most investigators who have im- 
plicated the NST and surrounding RF rostral to the 
obex have implicated the lateral part of the NST. In 
fact, the lateral part of the NST, along with its sur- 
rounding RF, has been referred to as the lateral soli- 
tary complex by some investigators. 


The periambigual area is an ill-defined zone con- 
sisting of the cells of the RF. The area covers cells 
mostly belonging to the IRF and the PRF. Examina- 
tion of the sections made through the NA reveals that 
the location of the fos-labeled cells in and around the 
NA varies significantly over short distances. These 
cells are located medial, dorsal, lateral, and even ven- 
tral to the NA. The cells ventral to the NA are largely 
mixed with cells of the respiratory and cardiovascu- 
lar group and are difficult to discriminate. Neverthe- 
less, a simple comparison with the control rats shows 
far more labeled cells in the experimental rats. 


Another important area below the obex that has 
not previously been implicated in swallowing but 
showed fos-labeled neurons was the RF area between 
the NST and the NA. These cells were distinct from 
the neurons immediately outside the NST or sur- 
rounding the NA (periambigual area). These cells 
were distributed over parts of the IRF and the PRF 
(Figs 7 and 8). There are no previous reports in the 
literature implicating these cells in swallowing con- 
trol. 


In addition to the above nuclei, there was a subset 
of neurons in the IO that was labeled in both the ex- 
perimental and the control rats (Fig 10). These cells 
extended from the obex to the caudal part of the me- 
dulla. No activity was identified in the IO above the 
obex. Since they were identified in exactly the same 
locations in both the stimulated and the control rats, 
these were not considered to play an important role 
in swallowing. Although their function 1s not known, 
the fact that only a subset of neurons within the IO 
was labeled reinforces the validity of the fos tech- 
nique in identifying discrete areas specific to a func- 
tion. 

CONCLUSION 


In our experiment, RLN stimulation consistently 
evoked a reflex swallow. The experiment appears to 
have identified most areas in the brain stem involved 
in swallowing. Areas currently thought to be impor- 
tant in swallowing control were labeled. These in- 
cluded the NST with its surrounding RF and the peri- 
ambigual reticular neurons rostral to the obex. In ad- 
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dition, novel areas not previously thought to be im- 
portant in swallowing were labeled. These include 
areas in the caudal pons, the medial part of the RF in 
the rostral medulla, and the RF areas surrounding the 
NST, the NÀ, and the areas between them in the cau- 


dal medulla. Finally, a group of neurons were iden- 
tified that may be the CPG for swallowing. The im- 
portance of these observations merits further experi- 
ments that specifically target the areas identified in 
this study. 
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HEMICRICOIDECTOMY FOR VOICE REHABILITATION FOLLOWING 
HEMILARYNGECTOMY WITH IPSILATERAL ARYTENOID REMOVAL 


MILAN R. AMIN, MD 


PHILADELPHIA, PENNSYLVANIA 


JAMES A. KOUFMAN, MD 
WINSTON-SALEM, NORTH CAROLINA 


The purpose of this article is to describe an approach to reconstruction of the larynx after vertical partial laryngectomy with 
removal of the ipsilateral arytenoid cartilage. This method addresses the problem of postoperative posterior glottal incompetence 
(aphonia with or without aspiration). The technique involves resection of the ipsilateral half of the cricoid cartilage, use of an 
inferiorly based strap muscle flap for vocal fold reconstruction, and placement of a customized stent. This technique may be used at 
the time of the primary cancer extirpation or as a secondary rehabilitative procedure. Generally, patients who have undergone this 
procedure have had minimal postoperative breathiness with good phonatory and airway function. We recommend this reconstructive 
technique for patients with large posterior defects following hemilaryngectomy. 


KEY WORDS — cricoid cartilage, hemicricoidectomy, hemilaryngectomy, laryngeal cancer, laryngeal carcinoma, laryngeal 
reconstruction, vocal cord cancer, vocal fold cancer, voice rehabilitation. 


INTRODUCTION 


This report presents the authors’ approach to la- 
ryngeal reconstruction following vertical hemilaryn- 
gectomy with removal of the ipsilateral arytenoid car- 
tilage. It specifically targets the problem of postop- 
erative posterior glottal incompetence. The typical 
vertical hemilaryngectomy reconstruction involves 
the use of a pedicled muscle flap to fill the resection 
defect. However, when the ipsilateral arytenoid car- 
tilage is removed, severe breathy dysphonia or apho- 
nia usually results from posterior glottal incompe- 
tence. This outcome is due to profound air wasting 
due to the contralateral (healthy) vocal fold's inabil- 
ity to achieve posterior closure. We have employed 
ipsilateral hemicricoidectomy as a secondary rehabil- 








itative procedure in such patients, and as a primary 
procedure at the time of hemilaryngectomy in patients 
who require arytenoid cartilage removal. 


SURGICAL TECHNIQUE 


A horizontal incision is made in a skin crease over- 
lying the thyroid ala. The underlying tissue is dis- 
sected to expose the cricoid cartilage in the midline. 
Next, the soft tissue overlying the ipsilateral portion 
of the cricoid cartilage is dissected free, exposing 
the cartilage from the anterior midline to the poste- 
rior midline. Preserving the inner perichondrium and 
subglottic mucosa, the hemicricoidectomy is then car- 
ried out bluntly with a Freer or Herd elevator (Fig 
|). An oscillating saw may also be used for this por- 


Fig 1. A) Problem: widely later- 
alized posterior neoglottis. B) Re- 
moval of ipsilateral half of cricoid 
cartilage. 
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Fig 2. Reconstruction with strap muscle sutured 
to midline, filling gap left by removed arytenoid 
cartilage. 


tion of the procedure. Care is taken not to cross the 
midline anteriorly or posteriorly. Excessive resection 
will lead to significant airway narrowing. Conversely, 
inadequate resection of the posterior portion of the 
cricoid cartilage leads to a poor postoperative out- 
come (due to a persistent glottal gap). The anterior 
cut is made at the midline, and the posterior cut is 
made 2 to 3 mm from the midline. 


The vocal fold reconstruction is accomplished by 
the use of an inferiorly based portion of medial strap 
muscle, approximately 2 to 3 cm in thickness. The 
superior muscle detachment should be made just be- 
low the hyoid bone; care should be taken not to de- 
vitalize the neurovascular bundle below. The cut end 
of the strap muscle flap is sutured to the site of the 
previously removed arytenoid cartilage (Fig 2). Pyri- 
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Fig 3. Modified Montgomery stent. A) Anterior view. B) 
Superior view of stent in place, against strap muscle re- 
construction. 
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form sinus mucosa is then mobilized and used to cov- 


er the muscle flap. The mucosal closure should be 
complete, particularly inferiorly. A Montgomery stent 
is then custom-tailored as a hemilaryngectomy mold 
(Fig 3A). Once the stent is placed into the larynx, 
the mucosa is closed in a standard fashion. The re- 
maining strap muscles are closed in the midline. Fi- 
nally, braided pacemaker wire is placed through the 
skin flap and the larynx, securing the stent. The wound 
is drained and closed in layers. Figure 3B shows the 
completed procedure. The stent is left in place | to 2 
weeks and then removed endoscopically. 


CASE REPORTS 
CASE I 


A 30-year-old man with a history of T1 NO squa- 
mous cell carcinoma of the right true vocal fold had 
been initially treated with radiotherapy. Three years 
later, the tumor recurred, and he underwent a right 
vertical hemilaryngectomy with arytenoid cartilage 
removal. Afterward, the patient was aphonic. On 
examination, the patient demonstrated a wide-open 
posterior glottis during attempted phonation (Figure 
4A,B). An attempt at improving the voice by aug- 
menting the left vocal fold with lipoinjection was un- 
successful. The patient desired further voice rehabili- 
tation and underwent hemicricoidectomy and recon- 
struction. The tracheotomy was removed 3 weeks af- 
ter surgery. After the operation, the patient's voice 
was rated as class 2.0 (see Table). Figure 4C shows 
the appearance of the larynx during inspiration | year 
after reconstruction. 


Comment. With the hemicricoidectomy procedure, 
the time to decannulation may vary from patient to 
patient, since the airway is significantly reconfigured 
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and reduced in size. In this patient, although Fig 4C 
shows that the airway was obviously narrowed, the 
patient was athletic and experienced no airway-re- 
lated symptoms. Five years later, the patient's voice 
and airway were unchanged. In performing this pro- 
cedure, the surgeon must avoid removing too much 
of the cricoid cartilage. 


CASE 2 


A 34-year-old woman was found to have a T2NO 
squamous cell carcinoma of the left true vocal fold. 
The lesion was bulky and involved a portion of the 
ipsilateral arytenoid cartilage. The patient elected sur- 
gical therapy and underwent an extended left hemi- 
laryngectomy with removal of the ipsilateral aryte- 


VOICE RATING SYSTEM 














Voice Rating Definition 
1.0 Normal voice 
2.0 Near-normal voice (normal to layperson) 
3.0 Moderate dysphonia 
4.0 Severe dysphonia 
5.0 Aphonia 





Fig 4. (Case 1) Endoscopic views. A) Before operation, during 
inspiration. B) Before operation, during phonation. C) After op- 
eration, during inspiration. 


noid cartilage. During the operation, the patient was 
left with a relatively large posterior defect. There- 
fore, she underwent hemicricoidectomy, followed by 
strap muscle reconstruction. She was decannulated 
3 weeks after surgery. At the 2-year follow-up, the 
patient had no evidence of new or recurrent cancer, 
and her voice was rated as class 3.0; the patient was 
satisfied with the result. 


Comment. Hemicricoidectomy as part of the pri- 
mary oncological procedure may be indicated when 
the surgeon anticipates difficulty closing the posterior 
larynx with a traditional method of reconstruction. 


DISCUSSION 

Vertical partial laryngectomy has long been ac- 
cepted as a form of conservation laryngeal surgery 
for the treatment of selected glottic tumors.!-? The 
procedure was initially designed to treat unilateral 
glottic malignancies, but has since been extended to 
include tumors involving the anterior commissure 
and/or the ipsilateral arytenoid mucosa.‘ 


Although there has been little change in terms of 
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the resection over the years, there have been many 
articles proposing different reconstructive tech- 
niques.?? The goal of reconstructive techniques is 
mainly to provide better postoperative voice and de- 
glutition by reconstructing the resected vocal fold. 
In his article on glottic reconstruction, Hirano? pro- 
poses three requirements for good phonatory func- 
tion following this procedure: adequate glottic clo- 
sure, proper alignment of the reconstructed fold at 
the glottic level, and a smooth lining for the recon- 
structed side. With standard hemilaryngectomies (not 
involving the resection of the arytenoid cartilage), 
the above criteria are achievable with the use of mus- 
cle flaps or other reconstructive techniques in most 
cases, since the surgical defect is relatively small. 
However, when the resection is extended to involve 
the arytenoid cartilage, a larger defect is created pos- 
teriorly. This posterior defect is usually difficult to 
fill with a pedicled muscle flap because of the height 
and bulk of the cricoid cartilage in this region. As a 
result, the patient undergoing reconstruction with a 
standard muscle flap often experiences profound air 
wasting due to a persistently open posterior glottis. 
The patient is also placed at an increased risk of as- 
piration, as he or she cannot occlude the glottis when 
swallowing. 


Biller and Urken!? recognized this problem and 
proposed hemicricoid collapse. This technique al- 
lowed the remaining arytenoid cartilage to better ap- 
proximate the reconstructed side, resulting in elimi- 
nation of aspiration in 3 of the 4 patients on whom 
they performed the procedure. Their procedure in- 
volved removing multiple small vertical segments of 
cricoid cartilage on the ipsilateral side and collaps- 
ing the cricoid ring. The segments were secured in 
the collapsed position with a suture.!9 


In addition to providing a novel reconstructive 
technique, Biller and Urken!? demonstrated the rela- 
tive safety of removing portions of the cricoid carti- 
lage, which previously was thought to be injudicious. 
Unfortunately, the cricoid collapse procedure is quite 
technically complicated, as it entails making up to 9 
cuts in the cricoid cartilage with a saw while avoid- 
ing injury to the inner perichondrium. We performed 
this procedure in 1 patient and found that it did not 
allow adequate medialization of the posterior portion 
of the glottis. 


As an alternative, we propose removal of the ipsi- 
lateral half of the cricoid cartilage. This procedure 
has been used as an adjunct in reconstruction follow- 
ing hemilaryngectomy with resection of the ipsilat- 
eral arytenoid cartilage. The removal of half of the 
cricoid cartilage allows the muscle flap reconstruc- 
tion to better approximate the midline, since it does 
not have to bend around the cricoid cartilage. Addi- 
tionally, with removal of the bulky posterior portion 
of the cricoid cartilage, the muscle flap can more eas- 
ily fill the posterior defect left by the removal of the 
arytenoid cartilage. 


Because of the partial airway collapse, molds must 
be placed until the reconstructed side heals. A trache- 
otomy is therefore needed as part of the procedure. 
As mentioned, a modified endolaryngeal stent is 
placed; this is typically removed 1 to 3 weeks after 
the operation. After a period of observation, the pa- 
tient is decannulated. 


Hemicricoidectomy is infrequently indicated; we 
have performed this procedure in 6 patients. Unfor- 
tunately, follow-up in this group has been poor. Nev- 
ertheless, 5 of the patients were decannulated within 
6 weeks. The other patient, who had long-standing 
suppurative chondritis before the operation, required 
prolonged tracheotomy. The average length of time 
to decannulation was 5 weeks. Long-term voice fol- 
low-up was possible for 3 patients: 1 had an excel- 
lent voice and 2 had fair voices. No patient in the 
series had significant postoperative aspiration. 


One potential disadvantage of this procedure is the 
risk of causing airway narrowing. We did not encoun- 
ter problems in decannulating these 6 patients. How- 
ever, we recognize that we present only a small se- 
ries of cases, and that these results may not hold up 
with continued use of this procedure. 


CONCLUSIONS 


Hemicricoidectomy with strap muscle reconstruc- 
tion may be used to close the posterior larynx in pa- 
tients requiring vertical hemilaryngectomy with re- 
moval of the ipsilateral arytenoid cartilage. We be- 
lieve that this technique offers a viable method of 
vocal rehabilitation to patients who otherwise have 
no feasible alternatives. Although experience with 
this technique is limited, the procedure may provide 
excellent results in carefully selected cases. 
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ANTERIOR WINDOW LARYNGOPLASTY: A NEW ANATOMIC 
APPROACH FOR POSTERIOR GLOTTIC AND SUBGLOTTIC STENOSIS 
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This study explores the feasibility of an anterior thyroid window as a new approach for posterior glottic stenosis. An anterior 
window was made on the thyroid cartilage of human cadaver larynges, with its superior edge below the level of the vocal cords and 
an inferior pedicle composed of the inferior border of the thyroid cartilage attached to the cricothyroid membrane, which was left 
intact. By obtaining direct exposure of the posterior glottis and cricoarytenoid joints, mucosal graft suturing and exploration of the 
joints were easily achieved with an operating microscope. This study demonstrates the anatomic feasibility of an anterior window 
laryngoplasty as an alternative approach to treating posterior glottic stenosis while preserving the cartilage framework and avoiding 
the anterior commissure. This technique may improve endolaryngeal manipulation by providing a closer and more direct exposure 
than do endoscopic techniques, and by having fewer possible complications than traditional open techniques. 


KEY WORDS — anterior thyroid window, anterior window laryngoplasty, posterior glottic stenosis. 


INTRODUCTION 


Treatment of posterior glottic stenosis constitutes 
a challenge for the head and neck surgeon. Airway 
compromise is the most common and severe mani- 
festation of this condition dictating the rationale for 
therapy. In addition to improving the respiratory func- 
tion, the surgeon should emphasize achieving good 
long-term voice quality and preserving normal swal- 
lowing. 

Surgery performed to reestablish an adequate air- 
way can be divided into endoscopic and open proce- 
dures. Both approaches offer a number of techniques, 
each with individual indications, advantages, and dis- 
advantages. Careful assessment of the patient's over- 
all condition and especially of the posterior commis- 
sure, including vocal cord mobility, cricoarytenoid 
joint function, and length of the stenosis, is key in 
selecting the best treatment. 


“Window-type” laryngoplasties have provided ac- 
cess for the otolaryngologist to perform endolaryn- 
geal procedures while minimally disrupting the car- 
tilage framework. Good results have been obtained 
with window laryngoplasties in cases of vocal cord 
medialization!? and, more recently, in treating glot- 
tic cancer involving the anterior commissure.? How- 
ever, this technique has never been described in the 
treatment of laryngeal stenosis. This ex vivo study 
explores the anatomic feasibility of a new, less-in- 
vasive external approach for the treatment of poste- 
rior and subglottic stenosis using an anterior win- 
dow access below the level of the vocal cords to pre- 


serve the anterior commissure and the integrity of 
the laryngeal framework. Our intention is to provide 
for a direct binocular approach to the posterior glot- 
tic and subglottic disorder with preservation of pho- 
natory and swallowing function while reconstruct- 
ing the stenotic airway. 


METHODS 


Five freshly harvested adult cadaver larynges with 
strap muscles were used in this study. The larynges 
were fixed and placed in a Plexiglas holder specially 
constructed for the project. The larynges were sus- 
pended to allow adequate endoscopic visualization 
with alarge-bore Dedo-Jako design (Pilling Co, Phila- 
delphia, Pa) laryngoscope. The operating microscope 
was used with a 250-mm lens, and ophthalmologic 
and otologic instruments were used in the dissection. 
Measurements were made with standard surgical cali- 
pers. 


Open Procedure. The fascial layers of the sterno- 
hyoid and omohyoid muscles were separated in the 


TABLE 1. DIMENSIONS OF SPECIMENS 


Distance From 


Window to 
Window Size Window Size Posterior 
Without With Retractor Commissure 

Larynx Retractor (mm) (mm) (mm) 
I 14.0 x 15.0 16.0 x 23.0 40.0 
2 14.0 x 5.5 15.0 x 24.0 39.0 
3 13.0 x 13.0 14.0 x 21.0 37.0 
4 13.0 x 14.5 15.0 x 22.0 38.0 
5 14.0 x 15.0 15.0 x 22.0 42.0 
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Fig 1. A) Everted anterior window with inferior pedicle composed of inferior border of thyroid cartilage attached to 
cricothyroid membrane (line drawing and photograph). B) Window after retraction of cricothyroid membrane. Note 
increase in size of window and direct exposure of posterior commissure and cricoarytenoid joint. 


midline to expose the thyroid notch, the anterior as- 
pect of the thyroid cartilage, the cricothyroid mem- 
brane, and the superior edge of the cricoid cartilage. 
A 22-gauge hypodermic needle was inserted through 
the middle third of the thyroid cartilage into the la- 
ryngeal lumen and viewed endoscopically to ensure 
the correct position of the intended window. Using a 
No. 10 surgical blade under endoscopic visual con- 
trol, we created a window below the level of the vo- 
cal cords with an inferiorly based pedicle composed 
of the inferior border of the thyroid cartilage attached 
to the cricothyroid membrane, which was left intact. 
In cases in which the cartilage had undergone ossifi- 
cation, an oscillating saw was used to create the win- 
dow. The distance between the cricothyroid muscles 
at their cricoid insertion dictated the width of the win- 
dow. The external perichondrium was preserved to 
allow a complete closure after the procedure. After 


its completion, the window was everted with small 
skin hooks. After eversion of the cartilage from the 
window, a midline horizontal line was cauterized on 
the inner perichondrium with a bipolar cautery at a 
low power setting. This line was later incised to gain 
access to the airway lumen. Small self-retaining re- 
tractors were then placed in both vertical and hori- 
zontal axes to achieve wider exposure. The inferior 
vertical retractors were carefully placed between the 
medial insertions of the cricothyroid muscles to avoid 
any damage to these muscles. The size of the win- 
dow was measured in all 5 larynges, as well as the 
distance from the window to the posterior commis- 
sure. 


Intraluminal Procedures. The feasibility of vari- 
ous surgical and diagnostic procedures was explored 
through this new surgical approach. Under direct mag- 
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Fig 2. Endoscopic view of intact anterior commissure 
after anterior window laryngoplasty. 


nified visualization with an operating microscope at 
16x magnification, palpation and mobilization of the 
cricoarytenoid joint were performed. Incisions were 
made in the posterior commissure to create mucosal 
advancements flaps, mucosal grafts, and micro-trap- 
door flaps, which were then sutured into place with 
6-0 chromic sutures on non-cutting needles. A 3-di- 
mensional scar model was made of silicone rubber 
and placed on the posterior glottis. Photodocumenta- 
tion of the scar model was then done through the 
rigid laryngoscope and through the window laryngo- 
plasty for comparison. 


Closure. The inner perichondrium and mucosal lin- 
ing were approximated with 4-0 chromic gut sutures. 
The cartilage window was then reapproximated along 
with the external perichondrium with uninterrupted 
4-0 Dexon sutures in 2 specimens and with mini re- 
construction plates? in the remaining larynges. The 
strap muscles were sutured into position with 2-0 
chromic gut sutures. 


RESULTS 


The anterior window laryngoplasty provided an 
excellent direct exposure of the posterior commis- 
sure and the cricoarytenoid joints. Table 1 illustrates 
the dimensions of the windows and the distance from 
the anterior window to the posterior commissure in 
each specimen. The vertical dimensions of the win- 
dow were increased significantly with the use of re- 
tractors without disrupting the cricothyroid mem- 
brane, allowing better exposure of the posterior com- 
missure, cricoarytenoid joints, and posterior subglot- 
tis (Fig 1). No major vascular or nerve structures were 
disturbed through this approach. The anterior com- 
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Fig 3. Sagittal cut through larynx and silicone scar model 
(arrow) on posterior glottis. Note window below vocal 
cords and access it provides to posterior glottis, subglottis, 
and cricoarytenoid joints. 


missure (Fig 2) was spared, as well as the cricothy- 
roid membrane and cricothyroid muscle. 


In visualization of the scar model, significant dif- 
ferences were noted between the endoscopic approach 
and the window. Through the window, the scar model 
was seen in its entirety as a 3-dimensional structure, 
while the endoscopic view revealed only the supe- 
rior aspect of the scar model, limiting assessment of 
the length and complexity of the lesion (Fig 3). Also 
by use of the window, the mobility of the cricoary- 
tenoid joint was easily evaluated in its 3-dimensional 
range of movement. 


The ability to use the microscope at a short oper- 
ating distance allowed an improved endolaryngeal 
manipulation as compared to endoscopic techniques. 
By means of bimanual standard surgical techniques, 
creating mucosal flaps (mucosal advancement, mi- 
cro-trapdoor flaps) and suturing them into place was 
achieved without difficulty. The use of readily avail- 
able short-working length ophthalmologic and oto- 
logic instruments proved ideal for this purpose, fa- 
cilitating the surgical procedures. 


DISCUSSION 


Posterior glottic stenosis is common and a major 
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TABLE 2. CLASSIFICATION OF POSTERIOR GLOTTIC 
STENOSIS 


Type I Interarytenoid scar with normal PC 
Type I PC scarring, no CA involvement 
Type III PC scarring with 1 CA involved 
Type IV PC scarring with both CAs involved 


Classification system is from Bogdasarian and Olson." 
PC — posterior commissure, CA — cricoarytenoid joint. 


cause of morbidity in patients who have undergone 
prolonged or traumatic endotracheal intubation. The 
incidence of posterior glottic stenosis has been re- 
ported to be as high as 14% in patients intubated for 
more than 10 days.? However, this condition is often 
overlooked, since patients with mild cases may pre- 
sent with a normal voice and minor respiratory symp- 
toms, which are often misdiagnosed and attributed 
to other entities. Severe cases of posterior glottic ste- 
nosis, on the other hand, usually present with severe 
respiratory compromise that often requires a trache- 
otomy. 


Distinguishing posterior glottic stenosis from other 
movement disorders of the vocal cords, such as vo- 
cal cord paralysis, is not easy. Establishing a correct 
diagnosis normally requires laryngeal electromyog- 
raphy and visualization and palpation of the crico- 
arytenoid joints under direct laryngoscopy with as- 
sessment of the extent of the stenotic lesion. Bogda- 
sarjan and Olson? developed a classification system 
for posterior glottic stenosis that emphasizes the im- 
portance of cricoarytenoid Joint mobility (Table 2). 
This classification is the most widely used today for 
this condition. 


The most difficult challenge with this condition, 
however, is not diagnosis, but treatment. The goal of 
therapy, whenever possible, is to improve the patency 
of the respiratory glottis while preserving an adequate 
voice and avoiding aspiration and swallowing impair- 
ment. One factor that adds to the difficulty of treat- 
ment is stenosis that involves more than 1 anatomic 
site, such as combined subglottic and posterior glot- 
tic stenosis. Some studies have reported an incidence 
as high as 27% for cases of posterior glottic stenosis 
involving more than 1 anatomic site.® 


The present treatment methods are divided into 2 
groups, namely, endoscopic and open procedures. En- 
doscopic procedures comprise a number of techniques 
utilizing the laser or microlaryngeal instruments. La- 
ser techniques have become popular over the past de- 
- cade, and a number of procedures have been devel- 
oped. Among these procedures, laser posterior cor- 
dotomy, laser partial and total arytenoidectomy, and 
micro-trapdoor flap techniques? !? are the most rou- 
tinely used today for the treatment of posterior glot- 
tic stenosis. However, some limitations of endoscop- 


ic laser treatment have not been overcome, such as 
achieving good results in lesions with a vertical length 
greater than 1 cm or those involving more than 1 ana- 
tomic site.!3 Other limitations, such as the difficulty 
of achieving good endoscopic exposure, and the tech- 
nical difficulties involved in elevating mucosal flaps 
or suturing or welding grafts, are also frequently pres- 
ent with the endoscopic approach. 


The ideal exposure of posterior glottic and subglot- 
tic scarring can only be obtained through a direct 
external approach. The endoscopic line of vision is 
parallel to the scar site, rather than giving the pre- 
ferred perpendicular access. The external exposure 
to the subglottic-posterior commissure area as de- 
signed in this study eliminates the long working dis- 
tance inherent in the endoscopic approach. In addi- 
tion, endoscopic treatment for posterior glottic steno- 
sis often requires various procedures because of the 
high incidence of restenosis following scar resection. 
More recently, intraoperative use of topical mitomy- 
cin-C has been advocated to reduce scar formation 
after endoscopic laser procedures.!^ There are no 
data, however, to show that the use of mitomycin-C 
actually decreases the number of endoscopic proce- 
dures required to achieve an adequate airway. 


Open surgical procedures such as laryngofissure 
and laryngotracheal reconstruction!>-!7 are usually . 
performed after failure of endoscopic procedures or 
when the area of stenosis is longer than 1 cm or in- 
volves multiple sites. Excellent exposure from a com- 
fortable operating distance is obtained with these 
techniques; unfortunately, they violate the integrity 
of the cartilage framework and the anterior commis- 
sure, leading to changes in voice production. These 
procedures usually involve extensive surgical expo- 
sure and reconstruction, in many cases to treat lesions 
that are limited to only a few centimeters. Other sur- 
gical techniques, such as an anterior cricoid split with 
a midline thyrotomy, can also provide access to the 
posterior glottis while sparing the anterior commis- 
sure. However, this technique provides very limited 
exposure of the cricoarytenoid joints and therefore 
is best suited for early, membranous stenoses. A simi- 
lar technique, involving an extended anterior cricoid 
split, has also been described for the treatment of 
membranous posterior glottic stenosis in pediatric 
patients. 18 z 


, The rationale behind the anterior window laryngo- 
plasty approach is obtaining an adequate exposure 


of the posterior commissure, cricoarytenoid joints, 


and subglottic region while minimally disrupting the 
cartilage-framework, and preserving an intact ante- 
rior commissure, thereby preserving function. The 
anterior window laryngoplasty provides a direct ex- 
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posure of the posterior glottis and the subglottic re- 
gion, allowing the surgeon to assess joint mobility 
and the extent and complexity of the scar 3-dimen- 
sionally. Most important, it allows the surgeon to work 
bimanually under binocular magnification using an 
operating microscope, thereby improving endolaryn- 
geal manipulation. Through the window laryngo- 
plasty, we were able to perform endolaryngeal pro- 


cedures technically difficult to perform through an 


endoscopic approach, such as raising mucosal flaps 
and suturing grafts into place. 


The anterior window laryngoplasty spares impor- 
tant anatomic structures involved with voice produc- 
tion, such as the anterior commissure and the crico- 
thyroid muscles, despite its midline location. At the 
same time, since the approach is midline, it does not 
violate any major vascular or nerve structure. The 
major anatomic advantage of this approach is pro- 
vided by the possibility of retracting the cricothyroid 
membrane, significantly increasing the exposure and 
allowing the surgeon to use both hands. The size of 


the window after retraction of the cricothyroid mem- 
brane compares to that of the lumen of a large-bore 
rigid laryngosocope. 


This ex vivo study validates the anatomic feasibil- 
ity of this new approach to posterior glottic stenosis. 
It offers the possibility of a less-radical external ap- 
proach to posterior glottic and subglottic stenosis, | 
achieving exposure comparable to that of laryngofis- 
sure and preserving phonatory function. Additional 
procedures that may be performed through this ap- - 
proach are cricoarytenoid joint exploration, cordot- 
omy, partial or complete arytenoidectomy, and pos- 
terior and anterior cricoid split with stent placement. 
Future clinical application of this technique 1s planned 
on the basis of this feasibility study. Ideal clinical can- 
didates for this approach to posterior commissure and 
subglottic stenosis would be patients with preexist- 
ing tracheotomies, which would facilitate anesthe- 
sia and ventilation. Innovative ventilatory techniques 
are being discussed with our anesthesia colleagues 
for those patients without tracheotomies. 
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INTRAOPERATIVE PEDIATRIC LARYNGEAL ELECTROMYOGRAPH Y: 
EXPERIENCE AND CAVEATS WITH MONOPOLAR ELECTRODES 
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We report our experience with intraoperative laryngeal electromyography (L-EMG) using direct laryngoscopy and placement of 
monopolar electrodes under general anesthesia in the evaluation and management of laryngeal dysfunction in pediatric patients. In 
this series of case studies, we present clinical data on 30 pediatric patients with known or suspected anatomic or neurologic laryn- 
gotracheal disorders evaluated with placement of shielded monopolar electrodes into the thyroarytenoid muscles during direct laryn- 
goscopy under general anesthesia. Diagnoses included congenital vocal fold paralysis (VFP), laryngotracheal stenosis, cerebral 
palsy, laryngeal tumors, traumatic vocal fold dysfunction, and postsurgical VFP. The impact of L-EMG on patient management was 
assessed. We found that L-EMG objectively supported clinical findings, but provided new objective data relevant toward manage- 
ment recommendations in only a few selected pediatric patients with new-onset vocal fold paralysis or paresis or infiltrative laryn- 
geal tumors, and in selected postsurgical cases involving decannulation decisions. The prognostic utility of L-EMG in newborns with 
congenital VFP has not been established. A normal L-EMG recording indicates an intact neuromuscular axis, but does not guarantee 
vocal fold mobility or guarantee muscle function in a partially denervated or deconditioned muscle. The potential for false-negative 
recordings is the major limitation of this technique. 


KEY WORDS — electromyography, insufflation anesthesia with spontaneous ventilation, motor unit action potentials, vocal 


fold paralysis. 


INTRODUCTION 


Electromyography (EMG) is an accepted method- 
ology for evaluating neuromuscular diseases in chil- 
dren.! It provides diagnostic information on muscle 
function and innervation. It can aid in establishing 
the site of neural disease. It can distinguish between 
upper and lower motor dysfunction. Laryngeal EMG 
(L-EMG) is commonly performed on adults to differ- 
entiate myopathy from neuropathy and to distinguish 
between functional and organic disorders.2? The ap- 
plication of L-EMG in the pediatric population 1s rel- 
atively recent. The clinical indications, as well as the 
most sensitive and specific technique, have not been 
established. It has been recommended for the evalu- 
ation of vocal fold paralysis (VFP) in children,*° but 
its utility as a prognostic test for congenital VFP has 
been questioned.Ó 


In this series of case studies, we report our experi- 
ence with 30 pediatric patients who underwent di- 
rect rigid laryngoscopy and intraoperative shielded 
monopolar L-EMG. The preoperative diagnoses in- 
cluded congenital or acquired VFP and other known 
or suspected anatomic, physiological, and neuromus- 
cular laryngotracheal disorders. We discuss the ad- 


vantages and disadvantages of the clinical applica- 
tion of this technique in pediatric patients. 


MATERIALS AND METHODS 
PATIENT SELECTION 


Between August 1993 and March 1998, the senior 
author (D.L.W.) selected 32 patients for L-EMG test- 
ing. All patients were evaluated in a tertiary care aca- 
demic institution. When possible, both sides of the 
larynx were sampled. Patients who underwent L- 
EMG were placed into 3 categories based on their 
clinical diagnosis: 1) patients with congenital paraly- 
sis or paresis of the true vocal folds, 2) patients with 
anatomic, physiological, or neuromuscular laryngeal 
abnormalities other than congenital VFP, and 3) pa- 
tients with normal vocal fold mobility according to 
clinical examination but with other laryngotracheal 
disorders -warranting an endoscopic airway evalua- 
tion under general anesthesia. 


_ TECHNIQUE 


All recordings were obtained with either a Nicolet 
(Madison, Wis) or a Neuromax (Excel Technology 
Limited, Oakville, Canada) EMG unit. We used 37-, 
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48-, or 75-mm shielded TECA (Oxford Instruments, 
Hawthorne, NY) disposable monopolar needle EMG 
electrodes to assess for thyroarytenoid muscle mo- 


' tor unit action potential (MUAP) activation. The ref- 


erence surface electrodes were placed immediately 
below the clavicle. 


Under general insufflation anesthesia with spon- 
taneous ventilations, each patient underwent flexible 
and rigid direct laryngoscopy. Assessments were 
made for vocal fold mobility in phase with the venti- 
latory cycle, and palpation was done to determine 
normal cricoarytenoid joint mobility. Suspension lar- 
‘yngoscopy with microscopic examination was used 
early in this series. Handheld laryngoscopy was 
judged to be more efficient and became our preferred 
technique for palpation and visualization of the su- 
praglottis and glottis. 


The electrodes were placed into the thyroarytenoid 


muscle with microlaryngeal forceps or, in small chil- 


dren, placed directly using the longer needles. Spe- 
cial care was taken to avoid stripping the Teflon coat 
during needle electrode placement. Correct placement 
was confirmed by direct vision or, in patients in 
whom direct visualization was difficult, by the use 
of a rigid 4.0-mm or 2.8-mm telescope. As many as 
3 passes into each thyroarytenoid muscle were per- 
formed to ensure wide sampling of the thyroarytenoid 
muscles if action potentials were not identified de- 
spite vocal fold movement in phase with the ventila- 
tory cycle. 


Recordings were interpreted by 1 neurologist-elec- 
tromyographer (R.T.L.), who was present through- 
out the procedure. Special attention was taken to make 
sure that recorded potentials were "near motor units" 
as defined by MUAP activation with a rapid rise time 
and a sharply contoured waveform configuration, and 
not "distant motor units" from the surrounding strap 
or intercostal musculature. The distinction between 
near units and distant motor unit potentials was 
deemed critical in defining the integrity of the recur- 
rent laryngeal nerve-thyroarytenoid muscle axis. 
Clinical correlation between endoscopic findings and 
motor unit recruitment or spontaneous electrophysi- 
ological abnormalities was made. Characterization 
of motor unit configuration, especially long-duration 
or complex motor units, was made. 


RESULTS 


Between August 1993 and March 1998, we evalu- 
ated 30 pediatric patients with direct laryngoscopy 
and L-EMG. Nine patients were female, and 21 were 
male. Their ages ranged from 49 days to 17 years 
(median, 4 years). Two young children with hypo- 
plastic mandibles (Nos. 16 and 32) were selected for 


this study, but L-EMG could not be performed be- 
cause of anatomic constraints. No patient was ad- 
mitted postoperatively as a direct result of his or her 
airway endoscopy. 


The clinical diagnoses, endoscopic findings, and 
L-EMG results are presented in the Table. Patient- 
specific information is provided in the Discussion: 
Impact on Clinical Care section. In group 1, congeni- 
tal bilateral VFP correlated with bilaterally absent 
MUAP recordings in 2 of the 5 children. Two chil- 
dren had absent MUAP activation on 1 side only, 
with inconclusive testing on the contralateral side. 
One child exhibited marked paresis; unilaterai MUAP 
activation was identified. The L-EMG findings did 


: not affect the clinical management in any patient in 


this group. In group 2, the L-EMG findings influ- 
enced the clinical management in 5 of the 20 patients 
by providing objective data supporting decannulation 
decisions (Nos. 1 and 3), additional surgery (No. 15), 
interventional testing (No. 22), or a recommendation 
against surgery (No. 4). The L-EMG data did not 
significantly alter the clinical management in the oth- 
er 15 children. The objective data were provided dur- 
ing postoperative consultation to support the observed 
clinical characteristics of laryngotracheal stenosis 
(Nos. 6 and 21), laryngeal trauma (Nos. 12 and 18), 
or cerebral palsy with laryngeal incompetency (Nos. 
13, 25, 29, and 30), or to assist with predicting the 
functional status after open laryngotracheal recon- 
struction (No. 18). One child (No. 4) had cricoaryte- 
noid joint fixation. In group 3, positive bilateral 
MUAP activation was identified in 3 of the 5 pa- 
tients; in 2 children, only unilateral MUAP activa- 
tion was identified. 


The L-EMG findings correlated with the endo- 
scopic findings in 25 patients (83%). In group 1, 4 
of the 5 children with congenital VFP did not ex- 
hibit MUAP activation. In groups 2 and 3, 14 of 17 
patients with normal bilateral true vocal fold mobil- 
ity had normal bilateral L-EMG recordings. Two 
(Nos. 19 and 24) exhibited only unilateral MUAP 
activation, and in 1 patient (No. 17) no MUAP acti- 
vation was recorded bilaterally. Overall, normal 
MUAP activation was recorded in 34 of 38 vocal 
fold samplings with normal visualized vocal fold mo- 
bility (8996). All 4 patients with normal unilateral 
vocal fold mobility (Nos. 18, 21, 22, and 30) exhib- 
ited normal L-EMG findings on the mobile side and 
absent MUAP activation or fibrillation potentials on 
the contralateral side. Two of the 4 patients (Nos. 1 
and 15) with noncongenital clinical bilateral VFP ex- 
hibited bilateral MUAP activation; in the other 2 pa- 
tients (Nos. 3 and 4) bilateral MUAP activation was 
not recorded. 
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Patient Flexible and Rigid Thyroarytenoid Electromyography 
No. Sex Age Clinical Diagnosis Laryngoscopy Findings Findings 
Group 1: Congenital vocal fold paralysis or paresis 
2 M 9mo Congenital B TVF paralysis B TVF paralysis Absent L MUAP 
5 F imo Congenital B TVF paralysis B TVF paralysis Absent L and R MUAP 
9 M 5mo Congenital B TVF paralysis B TVF paralysis Absent L and R MUAP 
11 M 18mo Congenital B TVF paralysis B TVF paralysis Absent L MUAP 
27. M 1mo Congenital B TVF paralysis Marked B TVF paresis Normal R MUAP, absent L MUAP 
Group 2: Other neurologic or anatomic laryngeal abnormality 
i M 3y B TVF paralysis, TEF Paradoxical TVF mobility Present, but sparse, L and R MUAP 
3 F 15y BTVF paralysis, meningioma B TVF paralysis Absent L and R MUAP 
4 M 3y Laryngotracheal stenosis LTS/LTR, absent TVF mobility Absent L and R MUAP 
6 M 4y  Laryngotracheal stenosis LTS/LTR, normal TVF mobility Normal EMG 
7 M 8mo Recurrent croup, intubation history Grade 1 LTS, normal TVF Normal EMG 
mobility 
10 M 2mo Obstructive laryngomalacia Type 4 laryngomalacia, normal Normal EMG 
i TVF mobility 
12 M 6mo _ Vocal fold paresis after MVA Recovered TVF mobility Normal EMG, except for low 
amplitude 
13 M 2y Cerebral palsy, mild aspiration Normal anatomy, normal TVF Normal EMG 
mobility 
15 F ly  Cervicofacial lymphangioma Laryngeal lymphangioma, Normal EMG 
l absent TVF mobility 
16 M 2y Chromosomal abnormality Hypoplastic mandible, normal Unable to assess 
l TVF mobility (flex) . 
17 M 3y  Laryngotracheal stenosis LTS, normal TVF mobility Absent L and R MUAP 
18 M 17y Laryngeal trauma Anterior web, normal L and Normal I. MUAP, R fibrillations 
i absent R TVF mobility 
20 M 9mo Subglottic hemangioma Normal TVF mobility Normal EMG. 
21 M  £4y .Laryngotracheal stenosis - Present L TVF mobility, absent Normal L MUAP, absent R MUAP 
R TVF mobility 
22 M 4y Skull base neurofibroma Normal L TVF mobility, R TVF R fibrillations, normal L MUAP 
paresis 
23 F 2y Anterior cricoid decompression Normal anatomy, normal TVF Normal EMG 
. mobility 
25 M  5y Cerebral palsy, mild aspiration Normal anatomy, normal TVF Normal EMG 
mobility 
28 M 4y Obstructive laryngomalacia Type 3 laryngomalacia, normal Normal EMG 
TVF mobility 
29 M 4mo Cerebral palsy, mild aspiration Normal anatomy, norma] TVF Normal EMG 
mobility 
30 M 5y Cerebral palsy, moderate aspiration Normal R TVF mobility, absent Normal R MUAP, absent L MUAP 
L TVF mobility 
31 E 4y Cerebral palsy, laryngotracheal LTS/LTR, normal TVF mobility Normal EMG 
stenosis 
32 M 3y  Goldenhar's syndrome Hemifacial microsomia, normal Unable to assess 
' TVF mobility (flex) | 
Group 3: Normal clinical laryngeal findings 
8 M 5y Recurrent croup Prominent innominate artery, Normal EMG 
; i ; normal TVF mobility 
14 F 7y Recurrent croup, Turner’s Normal anatomy, normal TVF Normal EMG 
syndrome mobility 
19 F 7mo Double aortic arch Midtracheal compression, Normal L MUAP, absent R MUAP 
normal TVF mobility 
24 F 6y Hoarseness, intubation history Reflux changes, normal TVF Normal L MUAP, absent R MUAP 
mobility 
26 M 2y Hoarseness, intubation history Normal anatomy, normal TVF Normal EMG 
mobility 


B — bilateral, TVF — true vocal fold, MUAP — motor unit action potentials, TEF — tracheoesophageal fistula, LTS — laryngotracheal 
stenosis, LTR — laryngotracheal reconstruction, EMG — electromyography, MVA — motor vehicle accident, flex — flexible laryngoscopy. 
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Artifacts commonly encountered in the operating 
room included the volume-conducted electrocardio- 
gram artifact and (rarely) 60-Hz electrical interfer- 
ence. Needle insertional abnormalities included fi- 
brillations and positive waves. 


DISCUSSION 
BACKGROUND 


Although L-EMG has been widely discussed in 
the adult otolaryngological literature,2:5/7-1? only a few 
studies have delineated the best technique for pedi- 
atric patients and evaluated its clinical utility. In 1987, 
Koch et al^ were the first to report on pediatric L- 
EMG. They used a wire endoscopically placed as a 
monopolar electrode under general endotracheal an- 
esthesia in 12 pediatric patients with signs or symp- 
toms of VFP. They concluded that L-EMG was valu- 
able in determining vocal fold function in pediatric 
patients and that the monopolar technique was the 
most appropriate method for children. In 1993, Gart- 
lan et al? reported the use of bipolar hooked wire 
electrodes passed transcutaneously under light anes- 
thesia in 4 pediatric patients with VFP or vocal fold 
paresis. They summarized that L-EMG was useful 
in the pediatric population, that it offered some prog- 
nostic information, that general anesthesia was re- 
quired, that electrode placement had to be verified 
by direct observation, and that the percutaneous meth- 
od was reliable but subject to electrical interference. 
In 1996, Berkowitz® reported his experience using 
concentric needle electrodes placed endoscopically 
into the posterior cricoarytenoid and thyroarytenoid 
muscles under general anesthesia in 4 patients with 
congenital bilateral VFP. He concluded that congeni- 
tal bilateral VFP was characterized by normal L-EMG 
findings, which did not have prognostic significance. 
He suggested that congenital VFP may result from 


. laryngeal abductor and adductor muscle action im- 


balance and may not necessarily represent a true pa- 
ralysis. 
TECHNIQUE ANALYSIS 


Our technique varied from previous techniques in 
several ways. Bipolar electrodes are limited to sam- 
pling activity between the wires. Theoretically, con- 
centric needles shield the surrounding muscle fibers 
to 180°. In cases in which visualization is limited, it 
would be difficult to rotate a concentric needle once 
placed. Monopolar electrodes sample 360° of muscle 
fibers. Koch et al^ used a 40-mm monopolar silver 
wire, with a bent tip, placed via direct laryngoscopy 
through a 28-gauge needle. We used monopolar nee- 
dles, which are disposable and available in a variety 
of lengths. The theoretic disadvantage of sampling a 
large motor unit size when using a monopolar tech- 
nique was not deemed clinically significant in our 


study. 


The transcutaneous technique without general an- 
esthesia that is used for diagnostic L-EMG in adults 


_and for the treatment of spasmodic dysphonia is not 


easily translated to the pediatric arena. Smaller la- 
rynges compromise correct anatomic placement of 
the electrode. Volitional thyroarytenoid muscle acti- 
vation during phonation is an unrealistic expectation 
in an infant. Gartlan et al’ used general anesthesia for 
transcutaneous electrode placement. A modification 
of their technique using flexible endoscopic technol- 
ogy may be useful in children, in whom anatomic con- 
straints limit the effectiveness of direct rigid laryn- 
goscopy. Koch et al^ also used general anesthesia. 
Unless there was a tracheotomy, their patients were 
ventilated through an endotracheal tube. We believe 
that direct, unimpeded visualization from a superior 
approach under general anesthesia with spontaneous 
ventilations is a logical method that is applicable in 
almost all children. 


Even under direct vision, particularly in infants or 
in children with distorted anatomy, accurate place- 
ment of the monopolar electrode can be difficult. Oth- 
er potential technical problems include short-circuit- 
ing the needle electrode by stripping the Teflon coat- 
ing as it is placed. Use of atraumatic laryngeal for- 
ceps will reduce this possibility, but slippage may 
occur as the needle 1s being inserted. 


The plane of anesthesia is crucial. In this series, 
spontaneous ventilations were maintained through- 
out the procedure, but in several cases, MUAP acti- 
vation was not initially observed under deep planes 
of anesthesia. Activation of the MUAP was subse- 


` quently recorded as the plane of anesthesia lightened, 


and it correlated well with the return of stronger vo- 
cal fold motion in phase with the ventilatory cycle. 
If the anesthesia became light enough for the child 
to “awaken,” motor unit sampling was limited to only 
1 side (Nos. 19 and 24), unless sampling the second 
side was deemed critical for potential management 
decisions. 


Similar to those described in other reports,!1-15 the 
current technique has limitations in sensitivity. We 
encountered several examples of “EMG silence" de- 
spite normal, strong true vocal fold mobility during 
endoscopy and accurate electrode placement. On oc- 
casion, brief adductor spasm without identification 
of MUAP activation was even encountered. Despite 
the extremely complex innervation of the thyroary- 
tenoid muscle,!^ we theorize that needle electrode 
placement remote from activated muscle cells is a 
limiting factor with this technique. In several patients, 
reinsertion of the active electrode in a different loca- 
tion revealed “near motor unit" recruitment. Parallel 
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orientation of individual muscle fibers within the thy- 
roarytenoid muscle may play a role. We suggest us- 
ing as many as 3 needle insertions at different dis- 
tances from the lateral margin of the true vocal fold 
to increase the likelihood of sampling different mo- 
tor units on repeated needle placements to minimize 
the potential for false-negative recordings. 


Using visualized normal vocal fold mobility as a 
reference, we found that the clinical specificity of this 
technique is good; only 2 children (Nos. 1 and 15) 
had positive MUAP activation without normal vocal 
fold mobility. Reports from animal studies!? support 


the hypothesis that stimulation of the recurrentlaryn- - 


geal nerve correlates with intrinsic laryngeal muscle 
contraction. Our clinical experience, however, sug- 
gests that positive MUAP activation can only imply 
that there is at least partial continuity of the recur- 
rent laryngeal nerve—thyroarytenoid muscle axis. It 
does not guarantee adequacy of contraction, power, 
or elimination of fatigue in a partially denervated or 
deconditioned thyroarytenoid muscle. Further, intact 
MUAP activation may also be identified in patients 
with clinical VFP secondary to cricoarytenoid joint 
fixation or with an infiltrative laryngeal mass. Flex- 
ible fiberoptic laryngoscopy in the awake child re- 
mains the most sensitive and specific technique for 
evaluating vocal fold mobility, limited primarily by 
patient (and parent) compliance and the interpretive 


- . skills of the endoscopist. Subtle laryngeal findings, 


however, particularly in children, may require repeat 
evaluations for diagnostic confirmation. 


IMPACT ON CLINICAL CARE 
The use of L-EMG directly influenced the manage- 


ment of several patients. One child (No. 1) with bi- ' 


lateral clinical VFP failed decannulation multiple 
times after tracheoesophageal fistula repair. At 3 
years of age, he exhibited paradoxical vocal fold mo- 
bility without active in-phase vocal fold movement. 
Intraoperative endoscopy revealed normal laryngeal 
anatomy without thyroarytenoid muscle atrophy. He 
had bilateral sparse, but present, MUAP activation. 
The potential for developing normal vocal fold mo- 
bility was discussed with his parents, and more ag- 
gressive plugging trials were recommended. 


One adolescent (No. 3) exhibited bilateral VFP 6 
months after bilateral jugular foramen meningioma 
resection. By report, the vagal nerves were not visu- 
ally resected. She was able to take food orally, but 
there was a recurrent aspiration history. She had a 
soft but adequate voice. She desired to speak more 
loudly, swallow without aspiration, and be decannu- 
lated. The patient and her mother wanted to make an 
informed decision based on reasonable expectations 
at that time rather than wait several additional months 


or more to fully acknowledge permanent VFP. The 
absence of positive MUAP activation objectively sup- 
ported that diagnosis. The patient and her mother as- 
sessed their relative priorities and elected to main- 
tain the use of tracheotomy with a speaking valve rath- 
er than pursue surgery to address VFP or aspiration. 


One child (No. 22) had a large base-of-skull neu- 
rofibroma diagnosed in early childhood with no iden- 
tifiable cranial nerve deficits. The findings of flexi- 
ble fiberoptic laryngoscopy and L-EMG were initial- 
ly normal. The surgical risk was deemed critically 
high. It was elected to follow the child's clinical 
course and initiate a second series of functional and 
diagnostic tests should cranial nerve deficit be sub- 
sequently identified. After 2 years of follow-up, se- 
rial office laryngoscopy identified bilaterally intact, 
but unilaterally weakened, in-phase vocal fold mo- 
bility. The surgical risk remained critically high, and 
the patient's mother desired objective documentation 
of clinical tumor progression. The new L-EMG find- 
ing of ipsilateral fibrillation potentials objectively es- 
tablished the diagnosis of new-onset unilateral vo- 
cal fold palsy with greater certainty than the subtle 
laryngoscopy findings had done, and a second wave 
of diagnostic imaging studies was initiated in con- 
sideration of surgical intervention. 


One child (No. 4) failed to develop an adequate 
voice with a sufficiently patent conductive airway 
after laryngotracheal reconstruction. His disorder in- 
cluded bilateral cricoarytenoid fibrosis extending in- 
to and involving the lateral glottic structures. His re- 
constructive surgery predated our institutional imple- 
mentation of pediatric L-EMG testing. Subsequent 
L-EMG did not identify positive MUAP activation 
on either side, and revision surgery was not recom- 
mended. 


One child (No. 15) presented with an extensive 
cervicofacial lymphangioma with diffuse laryngeal 
involvement and absent visualized vocal fold mobil- 
ity. The cervical portion of the tumor was debulked, 
and a tracheotomy was created. The presence of posi- 
tive MUAP activation established the potential for 
normal vocal fold mobility. A recommendation was 
made for additional surgery designed to reduce the 
lateral glottic tumor bulk and to decrease supraglot- 
tic obstruction from epiglottic involvement, with the 
goal being the development of glottic speech. 


Five children had congenital VFP (Nos. 2, 5, 9, 
11, and 27). Only 1 exhibited MUAP activation. In 2 
infants, we were able to obtain only unilateral record- 
ings. There is a recognized tendency for spontane- 
ous recovery of function with this disorder.!9.1? Nor- 
mative L-EMG data on congenital VFP, however, are 
limited, and the significance of MUAP activation has 
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not yet been determined. One child (No. 5) required 
a tracheotomy and has since moved out of town. One 
child (No. 2) had partial clinical return of right unilat- 
eral vocal fold mobility. A subsequent study revealed 
positive MUAP activation on that side. Long-term 
follow-up (minimum, 2 years) is available for 2 of 
the other 3 children. The fact that no functional re- 
turn has been identified in the 1 child with initially 
positive MUAP activation (No. 27) further supports 
the idea that L-EMG has limited prognostic utility 
in congenital VFP. To date, we have not identified a 
child with congenital VFP and absent MUAP activa- 
tion in whom positive MUAP activation was identi- 
fied before visual return of vocal fold mobility. As a 
result of this study, new parents of infants with con- 


genital VFP have been counséled that L-EMG data 


have not been demonstrated to be predictive of a re- 
turn of vocal fold mobility. 


Five children with laryngotracheal stenosis (Nos. 
4, 6, 17, 21, and 31) were studied. Patient 4 has al- 
ready been discussed. Three children (Nos. 6, 21, 
and 31) had consistent endoscopy and L-EMG find- 
ings. One was decannulated after endoscopic man- 
agement. The other 2 subsequently underwent suc- 
cessful laryngotracheal reconstruction. If absent vo- 
cal fold mobility in these children was identified in 
association with absent MUAP activation at staging 
endoscopy, reconstructive surgery would not have 
been recommended. However, if absent vocal fold 
mobility was identified, but there was intact MUAP 
activation at staging endoscopy, then surgery would 
have been recommended. One child (No. 17) had in- 
tact vocal fold mobility with absent MUAP activa- 
tion. At the time this child was studied, questions 
regarding technique sensitivity were raised. The ob- 
served endoscopy findings took clinical precedence 
over the technical recording. 


Two patients with laryngeal trauma were studied. 
A 6-month-old (No. 12) developed a weak cry after 
blunt neck trauma. Office endoscopy was performed 
within 48 hours of the incident. There was no vocal 
fold mobility. There was no laryngeal ecchymosis, 
and the vocal fold levels and arytenoid processes 
were symmetrically normal. At the time of diagnos- 
tic endoscopy, 2!/2 weeks after the injury, the qual- 
ity of her cry had improved and there was return of 
limited, but in-phase, vocal fold mobility. Positive 
MUAP activation was identified, although the am- 
plitude was lower than that which would be normally 
expected. The follow-up endoscopy and L-EMG find- 
ings both served in counseling her parents after the 
operation that full return of function was a reason- 
able expectation. 


The second trauma patient (No. 18) was an adult- 


sized teenager who sustained a complex laryngeal 
fracture during a street fight. He presented with a 
field-placed tracheotomy. There was gross laryngeal 
cartilage disruption. Normal left vocal fold mobility 
on endoscopy and positive MUAP activation were 
observed. There was no right vocal fold mobility, and 
fibrillation potentials were identified. The L-EMG 
findings were used in subsequent consultation to help 
establish reasonable expectations, particularly re- 
garding voice, after his fracture reduction and recon- 
structive surgery. 


Five children with cerebral palsy (Nos. 13, 25, 29, 
30, and 31) were studied. These children presented 
with airway obstruction and aspiration histories of 
various severity. They would not tolerate an adequate 
office examination. One child (No. 31) presented with 
a tracheotomy. All exhibited normal vocal fold mo- 
bility and normal MUAP activation, except for the 
child (No. 30) with the most significant history of 
recurrent aspiration, who had unilateral paralysis that 
correlated with absent MUAP activation. The assess- 
ment of laryngeal competency is a clinical judgment 
based on the ability of the child to protect his or her 
airway under the various circumstances of everyday 
living, including eating, activity, and sleeping. The 
decision for medical or surgical intervention is often 
based on parental assessment of the anticipated post- 
treatment impact on the quality of life for their child. 
Complementary use of laryngeal motor and sensory 
testing, along with the traditional analysis of the clini- 
cal history and laryngoscopy, and fluoroscopy stud- 
ies, may have the potential to provide parents with 
additional objective and specific clinical data that 
will help them arrive at an informed decision regard- 
ing management recommendations. 


SUMMARY 


The routine use of L-EMG 1n the evaluation of 
laryngeal dysfunction in children is not advocated. 
Awake flexible fiberoptic laryngoscopy in combina- 
tion with intraoperative palpation of the cricoaryte- 
noid joints and glottis provides the greatest clinical 
value when assessing children with vocal fold dys- 
function. In our study, the clinical utility of L-EMG 
was limited to children with noncongenital abnormal 
vocal fold mobility, such as new-onset vocal fold pa- 
resis or paralysis or infiltrative laryngeal tumors with 
abnormal vocal fold mobility, and in selected post- 
surgical cases involving decannulation decisions. On 
the basis of these results and those of Berkowitz,® 
we do not recommend the routine use of L-EMG in 
children with congenital VFP. With further refine- 
ment in technique and continued study, L-EMG may 
have clinical utility in the preoperative assessment 
of children with laryngotracheal stenosis and abnor- 
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mal vocal fold mobility who are being considered 
for laryngotracheal reconstruction. 


Electrophysiological (EMG) testing is often used 
to differentiate upper motor neuron dysfunction, 
which occurs in disorders such as cerebral palsy, from 
lower motor unit dysfunction, such as that seen with 
disease of the anterior horn cells, peripheral nerve, 
or muscle cell. The application of these techniques 
to nerve-muscle axes of respiratory and airway mo- 
tor units is relatively new in the pediatric popula- 
tion. If modifications of technique result in greater 
sensitivity, pediatric L-EMG has the potential to com- 
plement or augment traditional laryngeal testing in 
attempts to differentiate central from peripheral ner- 
vous system laryngeal mobility disorders, and may, 
therefore, have a valuable role in the assessment and 
management of selected chronic aspiration cases. 


Use of long, shielded monopolar needles is a modi- 
fication of a relatively new technique. Individuals 
attempting to duplicate this work should be cautious 
when initially learning to interpret the recorded elec- 
trical activity. À positive MUAP recording indicates 
an intact nerve-muscle axis, but is not an indicator 


.of muscle function. One must resist the temptation 


to interpret distant respiratory muscle motor unit ac- 
tivation as an indication of continuity of the recur- 
rent laryngeal nerve-thyroarytenoid muscle axis. The 
potential for brief-duration and low-amplitude MUAP 
activation under general anesthesia, and the difficulty 
in localizing near motor units within the thyroaryte- 
noid muscle, may prove taxing and frustrating. Even 
with observed vocal fold mobility, the possibility of 
a "negative L-EMG” must be recognized. Given the 
anatomic constraints of pediatric L-EMG, this tech- 


nique may represent state-of-the-art electrodiagnostic 
capability with the direct superior vision approach. 
A multi-lead needle electrode!^ would probably not 
increase the sensitivity of the recording capability. 


CONCLUSIONS 


Intraoperative pediatric L-EMG testing with endo- 
scopically placed monopolar electrodes has limited 
utility. It can objectively support clinical findings, but 
in this study, it provided new objective data relevant 
to management recommendations in only a few se- 


‘lected pediatric patients with new-onset vocal fold 


paresis or paralysis or infiltrative laryngeal tumors, 
and in selected postsurgical cases involving decannu- 
lation decisions. The prognostic utility of L-EMG in . 
newborns with congenital VFP has not been estab- 
lished. Use of L-EMG in children should not be con- 
sidered a substitute for awake flexible fiberoptic lar- 
yngoscopy, which remains the single most specific 
and sensitive technique for evaluating vocal fold mo- 
bility. 


One must be cautious in the interpretation of MUAP 
activation with endoscopically placed monopolar nee- 
dle electrodes in pediatric patients under general an- 
esthesia. A normal L-EMG recording indicates an 
intact neuromuscular axis, but does not guarantee vo- 
cal fold mobility or guarantee adequacy of contrac- 
tion, power, or elimination of fatigue in a partially 
denervated or deconditioned thyroarytenoid muscle. 
There can be difficulties in obtaining normal L-EMG 
recordings even with observed vocal fold mobility. 
The possibility of false-negative EMG recordings 
must be recognized and remains the major limitation 
of this technique. 
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LARYNGEAL REINNERVATION WITH THE HYPOGLOS SAL NERVE 


I. PHYSIOLOGY, HISTOCHEMISTRY, ELECTROMYOGRAPHY, AND RETROGRADE 
LABELING IN A CANINE MODEL 


RANDAL C. PANIELLO, MD 


STEVEN E. WEST, MD PATTY LEE, MD 


ST Louis, MISSOURI 


This study was performed to determine whether the hypoglossal nerve (cranial nerve XII [XII]) would serve as a useful donor for 
laryngeal reinnervation by anastomosis to the recurrent laryngeal nerve (RLN), Twenty hemilarynges in 10 dogs were studied pro- 
spectively after XII-RLN anastomosis (group A; n = 5), split XII-RLN anastomosis (group B; n = 3), XII-RLN anastomosis with a 2- 
cm interposition graft (group C; n = 2), no treatment (group D; n = 5), RLN section (group E; n = 2), or ansa cervicalis-RLN 
anastomosis (group F; n = 3). Spontaneous activity was observed monthly by infraglottic examination through permanent tracheosto- 
mies and was recorded by electromyography. Laryngeal adductory pressure and induced phonation were obtained by stimulating the 
RLN while passing a pressure transducer balloon or humidified air through the glottis. At sacrifice, the laryngeal muscles were 
stained for adenosine triphosphatase to détermine the ratio of type I to type II fibers. Retrograde labeling of the brain stem was 
performed with horseradish peroxidase. Infraglottic examination at 6 months showed a full range of adductory motion in groups A 
and B during the swallow reflex, comparable with that in group D. Groups C and F showed good bulk and tone, but little spontaneous 
motion, Group E remained paralyzed. Stimulation of the transferred nerves caused more activity in groups A and B than in the other 
groups; groups C and F partially adducted at high levels. The laryngeal adductory pressure responses of groups A and B were similar 
to those of group D. The XII-reinnervated larynges were capable of producing normal induced phonation. Retrograde labeling of the 
RLN showed that the reinnervating axons originated only in the hypoglossal nucleus. Electromyography of the reinnervated adduc- 
tor muscles confirmed spontaneous activity in the dogs (awake). Histochemical analysis confirmed slow-to-fast transformation of 
both the posterior and lateral cricoarytenoid muscles, indicating that significant reinnervation occurred. We conclude that the hypo- 
glossal nerve functions well as a donor for adductory reinnervation of the larynx. 


KEY WORDS — dog, larynx, nerve, reinnervation, vocal fold paralysis. 


INTRODUCTION 


Unilateral vocal fold paralysis (UVFP) has sev- 
eral causes; the most common is traumatic injury to 
the recurrent laryngeal nerve (RLN).! The treatment 
for UVFP has interested researchers for decades, yet 


They may cause permanent changes in the larynx, 
thus being essentially irreversible.!.? Implants may 
become less effective with time as a result of contin- 
ued atrophy of the thyroarytenoid (TA) muscle — a 
problem that prompted Tucker!? to recommend com- 


a completely satisfactory method has been elusive. 
The ideal treatment would restore normal physiologic 
movement to the vocal fold.? 


Current treatments for UVFP fall into 2 general 
classes: static and dynamic. Static methods include 
vocal fold medialization by injection of Teflon, auto- 
logous fat, or collagen.?^ Laryngeal framework sur- 
gical methods include thyroplasty5 and arytenoid ad- 
duction.^$ These procedures can be very effective, 
but do have some problems.!? The implants are only 
effective for medializing the anterior half of the vo- 
cal fold, so that they are less useful in patients with 
aspiration problems or wide posterior glottic chinks. 10 


bined medialization and reinnervation. 


Dynamic methods include laryngeal reinnervation 
and muscle transfers. Crumley!2:!4 believes that rein- 
nervation has the best potential for a normal voice, 
with restoration of muscle tone, a more normal com- 
pliance of the vocal fold, and stabilization of the ary- 
tenoid and vocal process. In addition, reinnervation 
techniques are reversible, and do not preclude the 
use of static methods if needed. 


In this project, the use of the hypoglossal nerve 
(cranial nerve XII [XII]) for laryngeal reinnervation 
after UVFP was evaluated. The hypoglossal nerve was 
considered an ideal nerve for laryngeal reinnervation 
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because 1) it has many more motor axons than other 
available nerves, such as the ansa cervicalis; 2) its 
natural activity is temporally similar to the adductor 
function of the RLN, because it is normally active 
during speech and during swallowing; and 3) the rate 
of hypoglossal donor site morbidity has historically 
been low. The preliminary data from this project were 
previously given,P? in the first known report on the 
use of XII for laryngeal reinnervation. Here, we de- 
scribe the detailed neurophysiological data obtained 
from 20 hemilaryngeal preparations. The first use of 
this technique in humans with vocal fold paralysis 
has been previously reported.16 


The initial experiments were carried out to deter- 
mine whether XII would provide suitable neural in- 
put for the larynx to provide reanimation of the vo- 
cal fold and maintenance of tone. Additional studies 
determined whether the same level of activity could 
be obtained with a split hypoglossal nerve or with 
the use of an interpositional cable graft to bridge a 
small gap between the nerves. 


- For the physiological studies, reinnervation was 
assessed by stimulating the RLN and recording the 
strength of vocal fold adduction; maximal stimula- 
tion levels were used for relative comparisons. Pre- 
vious studies showed that stimulation of the RLN at 
frequencies higher than 60 Hz results in graded lev- 
els of adduction; stimulation at low frequencies (low- 
er than 30 Hz) causes abduction.!/ This finding is 
most likely due to the relative abundance of slow- 
twitch (type I) muscle fibers in the posterior crico- 
arytenoid (PCA) muscle and the relative abundance 
of fast-twitch (type H) muscle fibers in the adductor 
muscles. At constant high-frequency stimulation, 
there is a steady increase in adductor force with in- 
creasing current until the muscles reach tetany. At 
higher current levels, there is a plateau level of adduc- 
tory strength, resulting in a sigmoid-shaped stimula- 
tion curve. In normal dogs, the pressure plateau at 
80 Hz is about 60 to 70 mm Hg.!8 


Ata constant current near maximum, variation of. 


the stimulation frequency produces a linear relation- 
ship with a characteristic slope in the transition zone 
of 30 to 60 Hz. Changes in this slope reflect changes 
in the ratio of fast-twitch to slow-twitch fibers in the 
reinnervated muscle. The data from this curve indi- 
cate the degree of reinnervation (amplitude) and the 
muscle fiber type (slope). Faster muscles require high- 
er levels of adenosine triphosphatase (ATPase) for 
rapid energy conversion. Histochemical stains for al- 
kaline-stable ATPase appear dark on microscopy; the 
relative amounts of light and dark staining of a muscle 
reflect its fiber cóntent. 


Buller et al!? demonstrated that when a slow-twitch 


muscle is reinnervated by a nerve from a fast-twitch 
muscle, it will undergo a histochemical transforma- 
tion to take on the characteristics of the muscle for- 
merly innervated by that nerve. Fast-twitch muscles 
can also be induced to transform to slow-twitch mus- 
cles; the nerve dictates the muscle fiber type, and 
muscles have the plasticity to change fiber type if 
their innervation changes. The data of Buller et al!? 
showed this change occurring as early as 6 weeks 
after the nerve transfer procedure. In the present study, 
histochemical transformation of the intrinsic laryn- 
geal muscles reinnervated by XII would also be pre- 
dicted. Because the tongue muscles are fast-twitch, 
the expected change would be an increase in the per- 
centage of dark fibers in the PCA muscle, and possi- 
bly in the adductor muscles as well. 


Artificially induced phonation experiments can 
indicate the potential for the reinnervated vocal fold 
to participate in actual phonation. Induced phona- 
tion is obtained by forcing air through the trachea 
and larynx while approximating the vocal folds by 
stimulating the RLNs.29 


The sectioned RLN has a strong tendency to re- 
generate some fibers.”!,2 A retrograde labeling ex- 
periment was performed to confirm the source of the 
reinnervating laryngeal motor neurons. Neural trac- 
ers injected into the muscle or the distal nerve stump 
are carried back to the nerve cell body by axonal 
flow.?? Staining of the brain stem (hypoglossal or 
vagal nuclei) identifies the origin of the regenerat- 
ing neurites. 


MATERIALS AND METHODS 


Ten purpose-bred, conditioned, female mongrel 
dogs weighing 20 to 25 kg were obtained and main- 
tained in a facility approved by the American Asso- 
ciation for Accreditation of Laboratory Animal Care. 
All experiments were performed according to a pro- 
tocol approved by the Institutional Animal Care and 
Use Committee. When used, general anesthesia was 
induced with intravenous thiopental sodium and 
maintained with 2% halothane inhalant. 


Surgery. A tracheostomy through rings 10 to 13 was 
performed according to a previously described meth- 
od?* and was allowed to mature for 2 weeks. The 3 
experimental groups had neurorrhaphy between the 
RLN and the ipsilateral whole nerve XII (group A; 5 
dogs), a split XII (group B; 3 dogs), or a whole XII 
with a 2.0-cm interposition nerve graft (group C; 2 
dogs; Fig 1). On the contralateral side, the 3 control 
groups had no treatment (group D; 5 dogs), RLN sec- 
tion without repair (group E; 2 dogs), or ansa cervi- 
calis-RLN neurorrhaphy (group F; 3 dogs; Fig 1). 
The experiments were allocated among the 10 dogs 
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Fig 1. Canine experimental and control groups. At left is ventral view of dog 2 or 3, with whole hypoglossal nerve (XII)— 
recurrent laryngeal nerve (RLN) anastomosis on dog’s right side (A) and RLN section on left (B). At center is dog 8 or 9, with 
XII-RLN anastomosis on dog's right (C) and normal control on left (D). At right is dog 6 or 10, with split XII-RLN anastomo- 
sis on dog's right (E) and ansa cervicalis-RLN anastomosis on left (F). Other dogs had different combinations of these 6 


experiments (see text). 


as shown in Table 1. 


Surgery was performed under general anesthesia 
with aseptic technique, as follows. A midline inci- 
sion was made from the suprastomal region to the 
submental region. The hypoglossal nerve was iden- 
tified near the hyoid bone and dissected into the 
tongue. The ipsilateral RLN was identified and dis- 
sected inferiorly for 6 to 8 cm. 


For the whole XII group (group A), XII was di- 
vided from the tongue, rotated, and directed inferi- 
orly toward the larynx. The RLN was rotated superi- 
orly at the cricothyroid joint. In all 5 dogs, there was 
ample nerve length to perform an end-to-end anas- 
tomosis between the whole XII and the RLN. The 
hypoglossal nerve was the same size as, or only slight- 
ly larger than, the RLN in all cases. The microneural 
anastomosis was performed with 4 to 6 epineural 
sutures of 8-0 or 9-0 nylon placed circumferentially. 
Excess nerve length was trimmed from the RLN be- 


TABLE 1. EXPERIMENTAL AND CONTROL GROUP 


ASSIGNMENTS 

Dog Experimental 

No. Side (Group) Control Side (Group) 
1 Whole XII-RLN (A) Normal (D) 
2 Whole XII-RLN (A) Section RLN (E) 
3 Whole XII-RLN (A) Section RLN (E) 
4 Whole XII-RLN (A) Normal (D) 
5 Whole XII-RLN (A) Ansa cervicalis-RLN (F) 
6 Split XII-RLN (B) Ansa cervicalis-RLN (F) 
7 Split XII-RLN (B) Normal (D) 

10 - Split XII-RLN (B) Ansa cervicalis-RLN (F) 

8 Graft XTI-RLN (C) Normal (D) 
9 Graft XTI-RLN (C) Normal (D) 


XII — hypoglossal nerve, RLN — recurrent laryngeal nerve. 


fore neurorrhaphy, leaving enough for a tension-free 
anastomosis. The skin was closed, and the dog was 
awakened from anesthesia. 


For the split XII group (group B), the nerves were 
dissected as described for group A, but the entire XII 
was not immediately separated from the tongue. In- 
stead, the distal XII was dissected between major 
fascicles and divided so that about half of the nerve 
continued to innervate the tongue, while half was 
free for anastomosis. The fascicles were dissected in 
a distal-to-proximal direction until the nerve trunk 
began turning superiorly toward the skull base. The 
split segment was rotated inferiorly. In the 3 dogs, 
this split nerve was estimated to contain 40% to 5096 
of the total XII motor fibers. End-to-end neurorrha- 
phy was performed as described above (Fig 2A). 


For the interposition graft group (group C), the 
whole XII and the RLN were dissected and positioned 
alongside one another as described for group A. The 
most distal 2.0 cm of the hypoglossal nerve was ex- 
cised, rotated 180°, and anastomosed end-to-end to 
the RLN. The excess length of the remaining XII 
was excised, and a second anastomosis (between two 
segments of XII) was performed (Fig 2B). In this 
manner, the 2.0-cm segment formed an interposition 
graft between XII proximally and the RLN distally. 


On the contralateral (control) side, the 5 normal 
dogs (group D) had no dissection or intervention. In 
the RLN section group (group E), a 4-cm segment 
of the RLN was excised and discarded; the two ends 
were tied off. In group F, end-to-end neurorrhaphy 
was performed between the ansa cervicalis and the 
RLN. ' 


Follow-up. To determine the degree of functional 
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Fig 2. Intraoperative photographs from canine experiments. A) Split XII in position to anastomose to RLN (dog 6). Nerves are 
easily long enough for tensionless neurorrhaphy. B) Anastomosis of XII-RLN with 2-cm interposition graft has been com- 


pleted on dog 8. 


recovery of vocal fold adduction, monthly infraglottic 
examinations were performed. The awake animal was 
placed in a sitting position on the examination table; 
the neck was extended by an assistant.!! A 0? tele- 
scope (Karl Storz, Tuttlingen, Germany) was inserted 
through the tracheostomy to view the inferior aspect 
of the vocal folds. Vocal fold motion was induced by 
stimulating a swallow reflex with 1 to 2 mL of water 
injected into the oral cavity. The vocal fold activity 
was recorded with a camera (Panasonic KS152, Mat- 
sushita Electric Corp, Secaucus, NJ) attached to the 
telescope and a video recorder (B V2000, Mitsubishi, 
Tokyo, Japan). This method allowed observation of 
awake, spontaneous laryngeal activity, including the 
range of motion during swallow. The resting posi- 
tion of the vocal folds and phasic respiratory activ- 
ity were directly observed. 


The laryngeal adductory pressure during swallow- 
ing was measured with the awake dog in the same 
position, although it was less well tolerated. The bal- 
loon catheter method??-26 was found to be relatively 
simple and effective. A cuffed endotracheal tube filled 
with 10 mL of air was held against the neck skin and 
positioned so that the middle portion of the balloon 
corresponded to the vocal cord position. The posi- 
tion of the superior end of the stoma against the tube 
was marked. The tube was passed through the stoma 
superiorly so the mark was again aligned with the 
top of the stoma. This brought the balloon into posi- 
tion between the vocal folds. The pilot from the en- 
dotracheal tube was connected to a pressure transduc- 
er and a chart recorder. The contact of the balloon 
against the vocal folds immediately induced a series 
of swallow reflexes. The pressure from each squeeze 
on the balloon was recorded by the transducer. The 
squeezing motion occasionally caused the balloon 
position to change. Because the pressure reading 1s 
very sensitive to balloon position, the highest pres- 
sures recorded were used as the swallowing pressure. 


Physiological Data. These experiments were car- 


ried out under general anesthesia on the planned day 
of sacrifice, before euthanasia. 


The neck was explored, and a platinum wire and 
silicone elastomer electrode was placed around XII, 
proximal to the neurorrhaphy. On dog 10, a second 
electrode was placed on the ansa cervicalis. The elec- 
trode was connected to a custom constant-current la- 
ryngeal nerve stimulator (WR Medical Electronics, 
Stillwater, Minn) with adjustable current and frequen- 
Cy. 

Induced laryngeal adductory pressure was mea- 
sured with a previously described method? in which 
the RLN is stimulated while the balloon of an endo- 
tracheal tube is passed between the vocal folds. The 
RLN was stimulated for 3 to 5 seconds at a series of 
fixed-interval stimulation levels. The nerve was al- 
lowed to recover for at least | minute between stimu- 
lations. 

The pressure-versus-current curve was determined 
by subtracting the baseline (resting) pressure from 
each measurement. The maximum-amplitude stimu- 
lation plateau level was determined, and the lowest- 
amplitude stimulation current that gave the plateau 
value was recorded. Holding this amplitude constant, 
we made a series of pressure measurements at dif- 
ferent stimulating frequencies, from 10 to 100 Hz at 
10-Hz intervals. 


Induced Phonation. An endotracheal tube was di- 
rected rostrally into the tracheostomy and positioned 
with the balloon close to the stoma to maximize the 
distance between the tip and the vocal folds. Warmed, 
humidified air was passed through the larynx, with 
the flow controlled by a rotameter. Suspension laryn- 
goscopy was performed. The vocal folds were ob- 
served as phonation was induced by activating one 
or both nerves with the laryngeal stimulator. Vocal 
fold motion was documented on videotape with the 
0° telescope and camera. The acoustic output was re- 
corded with a microphone and a digital audiotape re- 
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TABLE 2. HORSERADISH PEROXIDASE INJECTIONS 


Horseradish 
Peroxidase Sacrifice 
Dog No. Site Dose (mg) Interval (d) 
0 LTA 2 5 
R BOT 2 

2 R TA 2 7 
4 R TA 7 4 
5 RTA 15 4 
6 LRLN . 4 3 
7 R RLN 5 2 


TA —- thyroarytenoid muscle, BOT — base of tongue, RLN — recur- 
rent laryngeal nerve. 


corder and was later analyzed with a voice analysis 
computer (CSL 4300B, Kay Elemetrics, Lincoln Park, 
NJ). The parameters recorded included jitter, shim- 
mer, and noise-to-harmonics ratio. In addition, a new 
parameter, the voice turbulence index, was included 
in the analysis of the induced voice samples. The 
voice turbulence index is defined by Kay Elemetrics 
as a measure of "the relative energy level of high 
frequency noise. It mostly correlates with the turbu- 
lence caused by incomplete or loose adduction of 
the vocal folds."27(p17) | 


Electrodes were placed around the dissected nerves. 


On the hypoglossal neurorrhaphy side, the electrode. 
was placed several centimeters superior (proximal) 


to the anastomosis. Electrodes were also placed on 
the control side, on the normal RLN or on the ansa 
cervicalis. A trial of phonation involved stimulating 
the nerve(s) for 20 to 60 seconds. The nerves were 
allowed to recover for a minimum of 5 minutes be- 
fore another trial. 


It is often possible to induce phonation by stimu- 
lating just one of the nerves. However, this usually 
produces a more breathy or rough sound than that 
obtained with bilateral stimulation. This finding 1s 
similar to UVFP in the clinical setting. 


Retrograde Labeling. This experiment was per- 
formed on dogs 2, 4, 5, 6, and 7 at the conclusion of 
the other planned experiments. One additional ani- 
mal (dog 0) was used first, so we could gain experi- 
ence with the method and the horseradish peroxi- 


dase (HRP) doses. The HRP crystals (Sigma Chemi- 


cal, St Louis, Mo) were suspended in sterile water at 
the time of injection and used for the neural tracer. 


Previous reports of retrograde labeling in large ani- 
mals are sparse;?5-9? so the methods used in smaller 
animals were adapted.?1-2? Estimates of the time re- 
quired for retrograde axonal transport (to concentrate 
the HRP in the brain stem) were based on reported 
flow rates and nerve lengths in smaller animals.?? 
The HRP doses and sacrifice intervals for all dogs 
are shown in Table 2. 


. Direct laryngoscopy was performed under general 
anesthesia. The HRP (2 to 15 mg) was injected into 
the posterior TA muscle; dog 0 also had HRP injected 
into the right side of the tongue base. For dogs 6 and 
7, instead of injection into the TA muscle, we used a 
technique in which the RLN was dissected about 1 
to 2 cm from the larynx, the injection needle was in- 
serted through the epineurium, and the sharp edge 
was used to lacerate some of the distal axons. The 
HRP was deposited within the epineurium, and the 
needle was withdrawn; the HRP was not seen leak- 
ing out. 


After 2 to 7 days, the dog was returned to the op- 
erating room and anesthetized. The carotid arteries, 
vertebral arteries, and jugular veins were dissected; 
resection of the sternocleidomastoid muscles and 
manubrium was helpful. The arteries were cannu- 
lated distally and cross-clamped proximally. The 
jugular veins were cross-clamped inferiorly and can- 
nulated superiorly to prevent the venous outflow from _ 
mixing with the systemic circulation. Perfusion of 
the brain and brain stem was performed with 1 to 4 L 
of normal saline solution over 30 to 60 minutes. This 
was followed by perfusion with 2 to 3 L of 1.2596 
glutaraldehyde/1.0% paraformaldehyde fixative over 
30 to 60 minutes and with 700 mL of cold 10% su- 
crose in 0.1-mol/L phosphate buffer over 1 hour. In 
the prone position, a craniotomy was performed to 
remove the skull from the anterior fossa to the fora- 
men magnum. The vertebral bodies of the first 3 cer- 
vical vertebrae were removed, and the spinal cord 
was divided. The brain and brain stem were removed 
and placed in additional sucrose buffer. For dog 7, 
the brain and brain stem were soaked in additional 
fixative for 45 minutes before transfer to the sucrose 
solution. 


The brain stem was cut into 40- to 50-um sections 
and processed for histologic examination. The slides 
were reacted with hydrogen peroxide according to 
the tetramethyl benzidine method of Mesulam.?4 
Light microscopy was performed to identify cells 
stained with HRP, which stain dark after the perox- 
ide reaction. 


Histochemical Analysis. This experiment was con- 
ducted on dogs 8, 9, and 10. Immediately after the 
dog was sacrificed, the larynx was harvested and the 
TA, PCA, and lateral cricoarytenoid (LCA) muscles 
were harvested bilaterally. The 6 muscles were placed 
by an assistant in separate containers with coded la- 
bels; the key to these codes was kept secret until af- 
ter the histochemical analysis was completed so as 
to keep the results blinded. The fresh muscle speci- 
mens were frozen in liquid nitrogen and sectioned at 
50 um. The sections were stained for actomyosin al- 
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Fig 3. Infraglottic examinations: resting (left) and swal- 
low closure (right) views. In each photograph, left vocal 
fold is on right, and anterior commissure is at top. A) 
(Dog 2) Whole XII-RLN reinnervated left vocal fold 
(VF) crosses midline to completely close glottic gap 
against paralyzed (nerve section) right VF. B) (Dog 10) 
Right VF (reinnervated by split XII-RLN) crosses to meet 
left VF (reinnervated by ansa cervicalis-RLN), which 
shows bulk but no motion. 


kali-stable ATPase according to the method of Guth 
and Samaha.?? Light microscopy was performed, and 
the light and dark fiber contents of each muscle were 
counted. The mean of 10 high-power fields was used 
for each muscle. 


Electromyography. An electromyographic (EMG) 
differential amplifier became available only in time 
to collect data from the last dog (No. 10). After in- 
duction of general anesthesia, direct laryngoscopy 
was performed. A Teflon-coated monopolar EMG 
needle was inserted percutaneously into each TA 
muscle, with the position confirmed by visualizing 
the vocal fold while moving the needle. Ground and 
reference electrodes were connected, and the EMG 
output was filtered into digital recording software 
on a microprocessor. The dog was allowed to awaken 
from anesthesia. During this time, the vocal folds 
were observed through the laryngoscope, glottic ac- 
tivity was induced by stimulation of the tongue, and 
EMG activity was recorded. 


RESULTS 
Whole XII-RLN Group (A). The first dog had no 


—] 
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motion of the reinnervated vocal fold at 3 months. 
Its neck was explored, and the anastomosis was found 
to be entrapped by scar to the skin. Subsequent dogs 
demonstrated that 3 months was probably too early 
to observe gross adductory motion. This dog was ex- 
cluded from further analysis. 


The remaining 4 dogs (Nos. 2, 3, 4, and 5) first 
showed evidence of partial adduction on swallow- 
ing at 3, 4, 4, and 2 months, respectively. A complete 
range of motion, as seen on infraglottic examination, 
developed 1 to 2 months later (Fig 3A). Coinciden- 
tal motion of the reinnervated vocal fold and the 
tongue was sometimes observed. Two of the dogs ex- 
hibited normal spontaneous barking despite the pres- 
ence of tracheostomies. The 4 dogs in this group were 
followed for 14 to 18 months after the operation. Af- 
ter the first 6 months, there was no additional pro- 
gression in the range of motion, but the bulk of the 
TA muscle continued to increase until about the 12- 
month point. The final resting size was slightly larger 
than normal, suggesting muscle hypertrophy. In dog 
4, hypertrophy continued longer than | year, so that 
its resting position was near the midline. 


Split XII-RLN Group (B). The split XII dogs (Nos. 
6, 7, and 10) showed initial movement at 3, 4, and 3 
months, respectively. All 3 dogs achieved a full range 
of motion 1 to 2 months later (Fig 3B). The move- 
ment was not as brisk as in the group A dogs. The 
final bulk of the TA muscle (at 10 to 11 months) was 
less hypertrophied than that in group A. Activity was 
noted to be correlated with movement of the tongue. 
One dog in this group had spontaneous barking de- 
spite the tracheostomy. 


Interposition Graft Group (C). The 2 interposi- 
tion graft dogs (Nos. 8 and 9) showed restoration of 
some muscle tone. Both showed slight movement 
with incomplete glottic closure — one at 5 months 
and the other at 6 months. The tone and slight move- 
ment of the TA muscle allowed the contralateral nor- 
mal vocal fold to close the glottic aperture completely 
on spontaneous swallows. 


Controls. The normal group (group D; Nos. 1, 4, 
7, 8, and 9) showed continued normal motion of the 
vocal folds. The RLN section dogs (group E: Nos. 2 
and 3) had no evidence of recovery during the fol- 
low-up period (18 months). The vocal fold appeared 
to atrophy during the first 3 to 4 months and then 
remained stable (Fig 3A). 


Ansa Cervicalis-RLN Group (F). In the ansa cer- 
vicalis-RLN group (Nos. 5, 6, and 10), no active 
adduction was observed. However, all 3 vocal folds 
gradually drifted medially, so that the contralateral 
side could close completely (Fig 3B). At rest, 2 of 
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Fig 4. Pressure-versus-current curves. Tracings for dogs 
2 and 7 have normal morphology and amplitude. All mea- 
surements were made with constant stimulating frequency 
of 80 Hz. 


these dogs had occasional random twitches in the 
TA muscle. These twitches were not associated with 
motion of the opposite fold or of the tongue, and they 
did not move the vocal fold medially. 


Physiological Data. The adductory pressure dur- 
ing swallowing (in awake dogs, induced by a water 
bolus into the oral cavity) approximated normal lev- 
els (about 100 to 130 mm Hg) in all dogs. 


In dogs 3 and 4, a neurapraxic injury occurred dur- 
ing dissection for electrode placement, and the nerves 
could not be stimulated. Dog 5 had successful elec- 
trode placement, but the nerve required a very low 
stimulation level to reach its maximum plateau, and 
intermediate values could not be determined. The re- 
maining dogs had successful electrode implantation. 
Thus, there were 6 dogs evaluable for the pressure- 
versus-current study, and 7 dogs evaluable for the 
pressure-versus-frequency study. 


The pressure-versus-current curves demonstrated 
a normal sigmoid morphology for the whole XII- 
RLN dog and for the split XII-RLN dogs, reaching 
a normal pressure plateau of about 65 to 70 mm Hg 
(Fig 4). The other dogs had a partial recovery to about 
half the usual maximum stimulable pressure. 


The pressure-versus-frequency curves for dogs 7 
and 8 showed low pressures below 30 Hz, then lin- 
early increasing pressures to 60 to 70 Hz, where the 
plateau was reached (Fig 5). This is similar to nor- 
mal curves. Dogs 2, 5, 6, 9, and 10 had flatter-than- 
expected slopes in the transition range of 30 to 70 
Hz. For dogs 5, 6, and 9, the flatter slopes were a 
function of the lower total motor axon recovery. For 
dogs 2 and 10, the flat slope was due to the higher- 
than-expected pressures at low frequencies. This last 
finding suggests an increased percentage of fast- 
twitch fibers in the reinnervated muscles. 
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Fig 5. Pressure-versus-frequency curves. Tracing for dog 
7 has normal morphology and amplitude. Each'set of mea- 
surements was made with suprathreshold stimulating 
current. 


In dog 10, the split XII-RLN side could be com- 
pared with the ansa cervicalis-RLN side. The wave- 
form morphologies were similar for both sides. The 
amplitude of the plateau was normal on the split XII— 
RLN side, but was reduced by about 25% on the ansa 
cervicalis side. 


Induced Phonation. 'This experiment was per- 
formed on 6 dogs (Nos. 2, 4, 5, 8, 9, and 10). In dog 
2, the RLN section side demonstrated vocal fold at- 
rophy, as well as immobility. The XII-RLN side had 
good movement and could approximate the anterior 
half of the opposite fold. This larynx did not pho- 
nate, because of a large persistent posterior glottic 
gap. A similar result was obtained with dog 10 (split 
XII-RLN and ansa cervicalis-RLN), in which there 
was good stimulated closure on both sides, but pho- 
nation did not occur because of a wide posterior chink. 
The posterior chink was not present during glottic 
closure with swallowing, but became evident as sub- 
glottic pressure increased and airflow passed through 
the vocal folds. 


Dog 4 produced phonation using either the nor- 
mal side alone or the whole XII-RLN neurorrhaphy 
side alone. It was also possible to find stimulation 
current levels that demonstrated the contributions of 
the neurorrhaphy side: with the normal side turned 
to a low level, applying stimulus to the XII-RLN side 
significantly increased the acoustic signal (Fig 6). In 
dog 5, the ansa cervicalis-RLN side showed no re- 
sponse to stimulation. The whole XII-RLN neuror- 
rhaphy side moved well, and a strong phonation sam- 
ple was obtained by stimulating the XII-RLN neu- 
rorrhaphy side alone. 


Dog 8 was able to produce induced phonation with 
either the normal side or the grafted side indepen- 
dently. Phonation was better with both sides stimu- 
lated. The induced phonation sample from the graft 
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Fig 6. Induced phonation from dog 4. There is weak sig- 
nal with unilateral stimulation of left (normal) RLN, and 


significant increase in acoustic waveform and energy 
when stimulation of right XII-RLN is added. 


side had a subjective quality better than that of the 
normal side. Dog 9 also had a graft side and a nor- 
mal side. The graft side activity was inadequate to 
close the posterior glottic chink, and phonation was 
not obtained with this side alone. The normal side 
produced typical phonation samples. When both 
nerves were stimulated, the voice quality could be 
altered by turning the grafted side on or off during 
the sample; this finding suggests there was some par- 
ticipation by this side in the process. 


The results of the computer analysis of the phona- 
tion samples are given in Table 3. The samples from 
dog 4 could not be analyzed, because the recordings 
were excessively noisy. The voicing parameters for 
dog 8 were better for phonation with the grafted side 


TABLE 3. VOICE PARAMETERS FROM INDUCED 
PHONATIONS IN THREE DOGS 


Jitter Shimmer Fo 
(%) (%) NHR VTI (Hz) 


Normal value «1.04 «3.81 «0.19 0.061 


Dog 5 

Right (whole 

XII) 3.22 8.24 0.25 — 0241 227 
Dog 8 

Right (graft 

XII) 5.06 13.16 0.45 0.252 177 

Left (normal) 7.27 19.29 0.66 | 0.300 156 

Both 4.10 13.04 0.38 0.168 168 
Dog 9 

Right (normal) 1.61 939 0.20 0.156 112 

Both (with 

split XII) 1.03 9.33 0,335. 0277 15 


Normal values given are for human phonations with sustained /a/. 


NHR — noise-to-harmonics ratio, VTI — voice turbulence index. 
Fo — fundamental frequency. 








TABLE 4. DATA FROM HISTOCHEMIC AL EXPERIMEN jt 














Dog $ Dog 9 
Muscle Normal L Graft XII R Normal R Grafi XII L 
TA 55 49 S6 65 
LCA 59 53 59 Tar 
PCA 39 56* 55 66* 


Data shown are percentage of dark (type II, fast) muscle fibers. 

L — left, R — right, TA — thyroarytenoid muscle, LCA — lateral 

cricoarytenoid muscle, PCA — posterior cricoarytenoid muscle. 
tae (05. 





alone than for phonation with the normal side alone 
— and even better when the two were used together. 


In summary, induced phonation was tested in 6 
dogs and was successful in 4. In 3 of the 4 dogs in 
which phonation was successful (2 whole XII-RLN 
and | XII-graft-RLN), the reinnervated side could 
adduct to produce phonation without activation of 
the other side. The fourth dog (XII-graft-RLN) could 
not close the folds tightly, but actively participated 
in the induced phonation. The one ansa cervicalis- 
XII side tested did not produce phonation. 


Retrograde Labeling. The perfusion preparations 
improved with each iteration, with less red blood cell 
artifact each time. The number of stained cell bodies 
increased significantly when the RLN was injected 
directly in dogs 6 and 7. In all cases, HRP staining 
occurred only in the hypoglossal nucleus. Careful 
examination of the slides revealed some red cell ar- 
tifact in other areas, but no HRP was found in the 
vagal nucleus or other sites. 


Histochemical Analysis. Data were obtained from 
dogs 8 and 9; both dogs had a grafted XII and a nor- 
mal opposite side. The staining of slides from dog 
10 was unsuccessful; it was later discovered that the 
pH of one of the solutions was wrong. The ratios of 
dark to light fibers for these 2 dogs are given in Table 
4: a sample slide is shown in Fig 7. There was a sta- 
tistically significant increase in the number of dark 
fibers in the PCA muscle of both dogs, and in the 
LCA muscle of dog 9. Other changes were not sig- 
nificant. Some type grouping was also found. 


Electromyography. Spontaneous EMG waveforms 
from the left TA muscle (reinnervated by a split XII) 
are shown in Fig 8A; those from the right TA (rein- 
nervated by the ansa cervicalis) are shown in Fig 8B. 
Both sides had polyphasic action potentials, with evi- 
dence of recruitment, but much more EMG activity 
was observed on the split XII side. 


DISCUSSION 


Hemilarynges reinnervated with a whole or split 
XII regain full adduction during swallowing, as seen 
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Fig 7. Alkaline-stable adenosine triphosphatase stain of 
posterior cricoarytenoid muscle from dog 9. Type II fi- 
bers, staining dark, are present in increased numbers com- 
pared with normal control side. 


on awake infraglottic examination. It is likely that 
the amount of adduction is less during spontaneous 
phonation, because the hypoglossal nerve (like the 
RLN) is less active during phonation than it is dur- 
ing swallowing. However, the resting tone and me- 
dial vocal fold position, even without significant mo- 
tion, are favorable for phonation. 


After glottic closure during swallowing, the XII- 
reinnervated vocal folds snap back open to their rest- 
ing position. This response is clearly not a function 
of the PCA muscle, because it is reinnervated by XII, 
like the adductor muscles. Instead, it likely repre- 
sents recoil caused by the intrinsic elasticity of the 
cricoarytenoid ligaments. 


The hypoglossal nerves with the interposition 
grafts gave results similar to those of the ansa cervi- 
calis transfers. The grafted nerves developed some 
tone, but no functional motion. This outcome is likely 
due to the presence of 2 nerve anastomoses. Approxi- 
mately 50% of motor neurons fail to cross each neu- 
rorrhaphy.?6 Thus, if the hypoglossal nerve will not 





reach the RLN to allow a tension-free primary anas- 
tomosis, it would not be advantageous to use XII with 
a nerve graft rather than the ansa cervicalis. 


The normal swallowing adductory pressures were 
found because all 10 dogs had at least one side with 
a full range of motion (whole XII-RLN, split XII- 
RLN, or normal). The RLN section control dogs 
(group E) both had a whole XII-RLN procedure on 
the opposite side, which had enough adductory ac- 
tivity to reach the normal range. This finding sug- 
gests that reinnervation had occurred to a maximum 
level. 


It should be noted that the reinnervation proce- 
dures were performed at the same time as the dener- 
vation procedure, in a clean operative field. Optimal 
conditions for reinnervation were present. In clini- 
cal situations, there is usually a delay of 6 to 12 
months between RLN injury and reinnervation. A de- 
lay may reduce the amount of reinnervation because 
of scarring of the axonal tubules. Atrophy of the in- 
trinsic laryngeal muscles may further reduce the po- 
tential for reinnervation after a delay.???7.55 


Physiological Data. The stimulated pressure 
curves confirmed that significant reinnervation oc- 
curred, and that normal activity levels were achieved 
in some dogs. The data also showed that in experi- 
mental nerve-muscle preparations, it is possible to 
produce, with direct electrical neural stimulation, re- 
sponses that do not correspond with naturally occur- 
ring spontaneous activity. Green et al? reported simi- 
lar canine experiments in which the ansa cervicalis 
was used to reinnervate the hemilarynx. They were 
able to electrically stimulate adduction through the 
ansa cervicalis, but did not observe any spontaneous 
vocal fold motion. The findings in the ansa cervicalis 
group in this study were similar. 


Some of the dogs in this study showed electrophys- 
iological evidence of an increase in the proportion 
of fast-twitch fibers. This finding indicates that the 
fast hypoglossal motor nerve has induced a histo- 
chemical change in the muscle (discussed below). 


Fig 8. Electromyographic tracings from dog 10. 
A) Left thyroarytenoid muscle (split XII-RLN 
group). B) Right thyroarytenoid muscle (ansa 
cervicalis-RLN group). 


4 
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Induced Phonation. The ability to induce phona- 
tion when passing air through the vocal folds while 
stimulating the appropriate motor nerves offers ad- 
ditional evidence of successful reinnervation. In- 
duced phonation has been used by others to demon- 
strate the efficacy of the ansa cervicalis as a poten- 
tial donor nerve.?? The conditions used for induced 
phonation are not reproduced naturally by the dog, 
however. Induced phonation uses supramaximal 
stimulation levels that are not achieved naturally. 
Furthermore, stimulating the RLN (or XII or ansa 
cervicalis) causes simultaneous activation of both the 
PCA muscle and the adductor group, which does not 
naturally occur. The ability to artificially induce pho- 
nation does not guarantee that there will be sponta- 
neous natural adduction, but the converse is prob- 
ably true: if phonation cannot be induced electrically, 
it probably will not occur naturally. Thus, the induced 
phonation test was valuable in this study. 


Retrograde Labeling. This study showed that the 
laryngeal reinnervation did indeed come from the hy- 
poglossal nerve as expected. Other new brain stem 
connections, such as interneurons to the vagal nu- 
cleus, would not be expected to stain with this meth- 
od. The temporal similarity between the natural ac- 
tivity of XII and that of the RLN may make such 
neural plasticity unnecessary. 


Histochemical Analysis. The work of Buller et al}? 
suggests there should be an increase in the ratio of 
dark to light fibers in the muscles innervated by the 
fast hypoglossal nerve. This increase was seen in both 
of the PCA muscles examined and in the LCA muscle 
of 1 dog. One explanation might be that the reinner- 
vation pattern is most likely random, with variable 
numbers of axons going to each muscle, so that a 
variable pattern would be expected. Another possi- 
bility is that the laryngeal adductor muscles are al- 
ready predominantly fast and have little room for be- 
coming faster. 


Because the PCA is the only intrinsic laryngeal 
muscle that is predominantly type I, it should under- 
go the greatest fiber type change after reinnervation 
by XII. When the PCA muscle is activated during 





adduction, it can help rock the arytenoid back on the 
cricoarytenoid joint and stabilize its position, thus 
allowing for better phonation and airway protection. 
Excessive PCA activity during adduction could be 
detrimental to laryngeal function, but this was not 
observed in any of these dogs. 


Electromyography. The EMG evidence reaffirms 
that reinnervation occurred on both sides, but was 
greater on the split XII side than on the ansa cervi- 
calis side. The EMG waveforms were generated by 
the reinnervated TA muscle of an awake dog and were 
not evoked electrically. It is interesting to note that 
the side with the greater EMG activity (split XID 
had visible movement, whereas the ansa cervicalis 
side did not. The differences in spontaneous EMG 
activity may also reflect the activity of the animal at 
that time, rather than being a true indication of the 
level of reinnervation; but the split XII side showed 
more EMG activity than the ansa cervicalis side at 
all times. 


CONCLUSIONS 


The hypoglossal nerve is capable of providing dy- 
namic activity to the unilateral paralyzed vocal fold. 
A split nerve provides this same result, although a 
bit weaker. The ansa cervicalis provide bulk and tone, 
but no active motion. If a cable graft is needed to 
allow the hypoglossal nerve to reach the RLN, it will 
probably not give a better result than a primary neu- 
rorrhaphy with the ansa cervicalis. There does not 
appear to be any vagal contribution at the brain stem 
level; the axons originate from the hypoglossal nu- 
cleus. Once achieved, reinnervation of the PCA mus- 
cle by XII may cause it to become more of a fast- 
twitch muscle and help stabilize the arytenoid on the 
cricoid during phonation. The hypoglossal nerve ap- 
pears to be a very suitable donor for adductor rein- 
nervation of the larynx, and may offer advantages 
over other donor nerves, such as the ansa cervicalis. 


Part II of this work (submitted as a Candidate’s 
Thesis to the American Laryngological, Rhinologi- 
cal and Otological Society, Inc), “Clinical Evalua- 
tion and Early Patient Experience,” has already been 
published and supports these conclusions. !® 
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COMBINED BUCCAL MUCOSA ISLAND AND STERNOHYOID FLAPS: 
A NEW TECHNIQUE OF HEMILARYNGEAL RECONSTRUCTION 
STUDIED IN A CANINE MODEL 
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No single method of reconstruction has proven ideal for all patients with defects following vertical hemilaryngectomy. In this 
report, we detail a new technique for hemilaryngeal reconstruction involving the use of a pedicled buccal mucosa island flap supplied 
by the facial artery and vein. The buccal flap was used to resurface a transversely oriented sternohyoid myofascial flap. The recon- 
structive outcome was analyzed in 4 animals, 3 of which survived the early postoperative period. Videoendoscopy and stroboscopy 
were performed to analyze the laryngeal configuration and vibration. Each subject was decannulated and had a competent airway 


free of aspiration. After sacrifice of the animals, whole organ axial sections were made at multiple levels. Endoscopic and histologic 


findings documented that this technique produced an appropriate neocord position. Laryngeal stroboscopy in each animal showed 
bilateral mucosal traveling waves, with entrainment of the reconstructed neocord mucosa and native vocal cord mucosa. We con- 
clude that the layered reconstructive technique described, compared to traditional methods of reconstruction, more closely replicates 
the structure of the excised tissue in hemilaryngeal reconstruction, potentially resulting in an improved voice outcome. 


KEY WORDS — larynx, mucosa flap, reconstruction. 


INTRODUCTION 


Reconstruction of the hemilaryngeal defect con- © 


tinues to challenge laryngologists. One of the most 
significant problems of traditional reconstructive 
methods using local flaps is that the resulting recon- 
structed neocord often lacks a suitable vibratory sur- 
face to oppose the remaining native vocal cord. 


Our goal in this study was to develop an improved 
method of hemilaryngeal reconstruction, utilizing a 
pedicled buccal mucosa island flap rotated into the 
larynx to serve as a vibratory “cover” for the neocord. 
In the technique described in this study, a transversely 
oriented sternohyoid myofascial flap is positioned 
lateral to the buccal mucosa island flap to serve as a 
substitute for the excised thyroarytenoid muscle. Fi- 
nally, a microplate and a thyroid perichondrial flap 
are used to provide rigidity to the laryngeal frame- 
Work. This technique, while technically challenging, 
is theoretically sound compared to the myofascial 
and cartilage flaps that are most commonly used for 
clinical hemilaryngeal reconstruction today. 


In a previous report by Andrews et al! this tech- 
nique was compared to other reconstructive meth- 
ods in dogs, and it was found to be superior to other 


rotational flaps. Because of space limitations, it was 
not possible to describe the surgical technique nor 
the unique physiological aspects of this procedure 
in the previous study. In this report, we describe the 
technical details and the outcome of this new ap- 
proach to laryngeal reconstruction, one that holds 
promise as a method for use in humans. 


MATERIALS AND METHODS 
SURGICAL TECHNIQUE 


Institutional guidelines regarding humane animal 
experimentation were followed. Four mongrel dogs 
were premedicated with intramuscular acepromazine 
maleate (0.2 mg/kg) as a preoperative sedative. An 
intravenous line was placed in one of the hind legs, 
and pentobarbital sodium was administered to achieve 
corneal anesthesia. The subjects were placed supine 
on the operating table and intubated with a cuffed 
endotracheal tube. A mixture of 0.5% to 2.0% halo- 
thane and oxygen was administered to maintain an- 
esthesia throughout the procedure. The dogs under- 
went identical procedures for left hemilaryngeal re- 
section and reconstruction. 


A faculty surgeon and a resident assistant per- 
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Fig 1. Illustration of buccal flap with vascular pedicle in 
dog. 


formed the operation. A tracheotomy was performed 
at the fifth tracheal ring, and the dog was intubated 
through this site. The laryngeal framework was ex- 
posed by midline dissection and lateral retraction of 
the strap muscles. A posteriorly based left external 
thyroid perichondrial flap was developed. The peri- 
chondrium was incised vertically a few millimeters 
to the right of the midline and horizontally along the 
superior and inferior borders of the left thyroid ala. 
A scalpel was used to make the thyroid cartilage cuts 
in the midline and at the junction of the posterior 
one third and anterior two thirds of the left thyroid 
ala. 


An incision was made in the anterior cricothyroid 
membrane, and the larynx was entered. A midline 
vertical thyrotomy was made, and then superior and 
inferior cuts were completed through the thyrohyoid 
and cricothyroid membranes. A mucosal incision was 
made in the midline of the posterior commissure. The 
specimen, which included the left true vocal cord, 
ventricle, false vocal cord, thyroarytenoid muscle, 
arytenoid cartilage, and anterior two thirds of the ip- 
silateral thyroid cartilage, was excised. 


RECONSTRUCTION METHOD 


A second skin incision was made in the left sub- 
mandibular region, inferior and parallel to the man- 
dible, to harvest the pedicled buccal mucosa island 
flap (Fig 1). The facial vein was located inferior to 
the submandibular gland and dissected superiorly 
through the gland to the inferior border of the man- 
dible. 


In this study, the ramus mandibularis of the facial 
nerve was cut to facilitate dissection of the flap; its 
cutting produced no functional disability or visible 





Fig 2. Buccal flap with vascular pedicle in submandibu- 
lar wound. Dark areas are pigmentation of canine buccal 
mucosa. 


facial asymmetry in the dogs. For application of this 
flap to human patients, the marginal mandibular 
nerve would be preserved. Its preservation would re- 
quire careful dissection of the nerve away from the 
underlying vascular pedicle to allow mobilization of 
the buccal flap beneath the nerve so it could reach 
the laryngeal defect. 


A rectangular mucosal flap, measuring approxi- 
mately 2 cm high by 3 cm wide, was incised in the 
buccal mucosa. The vascular pedicle was located in 
the center of the mucosal island flap. The inferior 
mucosal incision was placed several millimeters su- 
perior to the gingival-buccal sulcus, and the supe- 
rior mucosal incision was located below Stensen's 
duct. The posterior mucosal incision was placed close 
to the ascending ramus of the mandible, and the an- 
terior mucosal incision was several centimeters pos- 
terior to the oral commissure. 


The distal facial artery and vein were ligated and 
divided at the superior edge of the buccal flap. The 
buccal flap was then carefully mobilized, with care 
taken to avoid injury to the vascular pedicle. In most 
cases, the flap was 0.5 to 1.0 cm thick and included 
buccal mucosa, submucosa, and a portion of the buc- 
cinator muscle. The flap was passed inferiorly into 
the neck, and proximal dissection of the artery and 
vein was continued to allow tension-free rotation of 
the buccal flap into the laryngeal lumen. In all cases, 
the arc of rotation of the vascular pedicle allowed it 
to reach the larynx without difficulty. The vascular 
integrity of the flap was then verified by observation 
of bleeding from the mucosal edges (Fig 2). 


A superiorly based sternohyoid myofascial flap 
was raised as described by Hirano.? A 2-0 polyglactin 
suture was placed through the posterior aspect of the 
remaining hemilarynx, incorporating the remaining 
interarytenoid muscle and the inner perichondrium 
of the cricoid cartilage. This suture was used later in 
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Fig 3. Illustration via laryngofissure of mucosal and myo- 
fascial flap placement. 


the procedure to fix the sternohyoid myofascial flap 
to the posterior commissure. 


The size of the laryngeal mucosal defect was as- 
sessed, and the mucosal edges of the buccal island 
flap were trimmed to approximate the size of the de- 
fect. The flap was then inset into the laryngeal de- 
fect. The buccal mucosa was approximated to the 
laryngeal mucosa with interrupted 5-0 polyglactin 
sutures. 


The anterior mucosal edge of the intact right hemi- 
larynx was sutured to the anterior edge of the right 
thyroid cartilage and inner perichondrium with inter- 
rupted 5-0 absorbable sutures placed superior and 
inferior to the true vocal cord. The larynx was then 
closed anteriorly with interrupted 5-0 polyglactin su- 
tures to approximate the anterior edge of the buccal 
mucosa flap to the right laryngeal mucosa and the 
right thyroid cartilage inner perichondrium. These 
measures were taken to reconstruct a sharp anterior 
commissure and prevent web formation. 


The superiorly based sternohyoid myofascial flap 
was then raised and sutured into the laryngeal defect 
as described by Hirano.? The flap was trimmed and 
folded approximately 90? at the level of the upper 
border of the cricoid cartilage to reach the posterior 
commissure without tension. The end of the myo- 
fascial flap was then sewn to the posterior commis- 
sure with the 2-0 polyglactin suture placed earlier. 
The myofascial flap was then sutured to the sterno- 
thyroid muscle and the remnant of the cricothyroid 
muscle to fix the position of the flap at the anterior 
commissure. Figure 3 is a schematic illustration of 
the first 2 steps of the reconstruction technique as 
viewed through a laryngofissure. 


The reconstruction was completed with placement 
of a titanium microplate at the level of the neoglottis 
to bridge the defect in the left thyroid ala, followed 
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Fig 4. Appearance of larynx following placement of myo- 
fascial and muscle flaps and placement of microplate into 
thyroid lamina. 


by closure of the outer perichondrium anteriorly (Fig 
4). The microplate was positioned before the resec- 
tion and served to medialize the myofascial and buc- 
cal flaps at the level of the glottis and stabilize the 
laryngeal framework. The animals were given ampi- 
cillin and gentamicin sulfate for 1 week after sur- 
gery. The tracheostomy tube was removed 2 to 3 
weeks after the operation. 


POSTOPERATIVE EVALUATION 


Two months after the hemilaryngeal reconstruc- 
tion, each dog underwent direct laryngoscopy. Endos- 
copy was performed and subglottic pressures were 
assessed in the live dog under anesthesia. The sub- 
jects were euthanized after data collection. 


Laryngoscopy and Preparation. Each dog received 
acepromazine maleate (0.2 mg/kg) intramuscularly 
as a preoperative sedative. Pentobarbital was admın- 
istered intravenously to a level of corneal anesthe- 
sia. The subject was placed supine on the operating 
table, and direct laryngoscopy was performed. The 
dog was intubated with a cuffed endotracheal tube 
for ventilator-assisted respiration. Dexamethasone (8 
mg given intravenously) was administered to reduce 
laryngeal edema during phonation. 


A midline vertical skin incision was made from 
the sternal notch to just below the cricoid cartilage. 
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Dissection was carried out in the midline, and the 
strap muscles were retracted laterally. A low trache- 
otomy was made at the level of the sternal notch, 
through which a cuffed endotracheal tube was passed 
for assisted ventilation. The oral endotracheal tube 
was then removed. 


A second tracheotomy was placed 3 tracheal rings 
superior to the first, and a recurrent laryngeal nerve— 
stimulating endotracheal tube was inserted and di- 
rected superiorly so that its tip was located approxi- 
mately 10 cm below the glottis. This tube had foil 
electrodes attached to the cuff so that the nerve could 
be stimulated through the tracheal cartilage.^^ The 
tube was positioned so that the electrodes on the cuff 
were oriented with the stimulating electrodes adja- 
centto the tracheal-esophageal groove. A ground elec- 
trode was positioned at the anterior tracheal wall. 


Recurrent Laryngeal Nerve Stimulation. Stimu- 
lation was provided via a nerve stimulator (model 
2SLH, WR Medical Electronics Co, St Paul, Minn) 
connected to the tracheal electrodes. The stimulus 
frequency was 80 Hz, with a 1.5-ms pulse duration 
and current of 3 to 5 mA. 


Videolaryngoscopy and Videostroboscopy. Video- 
laryngoscopy was performed with a 0? endoscope 
(Karl Storz Endoscopy-America Inc, Culver City, 
Calif) connected to a halogen light source via a fluid- 
filled light cable. For videostroboscopy, a laryngo- 
strobe (model 8000, Storz) was connected to the en- 
doscope. Images were recorded with a charge-coupled 
device video camera (model IK-C30A, Toshiba, 
Buffalo Grove, Ill) and a ?/4-inch videotape recorder 
(model VO-9850, Sony, Park Ridge, NJ). Recorded 
images were viewed on a video monitor (model PVM- 
1341, Sony) for frame-by-frame analysis. 


Whole Organ Sections. The excised larynges were 
fixed in formaldehyde, and whole organ axial sec- 
tions were made at the levels of the supraglottis, ven- 


Fig 5. Postoperative endoscopy A) 
with and B) without recurrent la- 
ryngeal nerve stimulation, 2 months 
after left hemilaryngeal reconstruc- 
tion using pedicled buccal mucosa 
flap. 


tricle, glottis, and subglottis for gross and histologic 
examination. The specimens were then embedded in 
paraffin, and hematoxylin and eosin slides were pre- 
pared from each axial section. 


RESULTS 
COMPLICATIONS 


There was | postoperative death due to a plugged 
tracheostomy tube on postoperative day 8. A necropsy 
revealed no evidence of aspiration or pulmonary in- 
fection. There were no other complications identi- 
fied in the series. The intraoral donor site of the buc- 
cal flap healed without stricture or contracture after 
primary closure of the defect. 


AIRWAY AND SWALLOWING FUNCTION 


There was no clinical evidence of aspiration with 
solids or liquids either before or after decannulation 
in any subject. All of the surviving dogs were decan- 
nulated between the second and third postoperative 
weeks. The first 2 subjects underwent direct laryn- 
goscopy under sedation before decannulation. Each 
subject demonstrated an adequate airway. The dogs 
were decannulated when they tolerated a sustained 
period of exercise with the tracheostomy tubes re- 
moved and their stomas occluded with surgical tape. 
After decannulation, the stoma sites were allowed to 
heal by secondary intention. 


ENDOSCOPY 


On endoscopic examination, the mucosa was vi- 
able and well healed throughout the reconstructed 
hemilarynx. The suture lines healed without granu- 
lation tissue or stenosis. The anterior commissure was 
free of webbing. The anterior-posterior dimension of 
the larynx appeared to be normal. The flap was posi- 
tioned in the midline posteriorly, with complete clo- 
sure of the glottis on stimulation of the right recur- 
rent laryngeal nerve (Fig 5). At rest, the glottic con- 
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Fig 6. Laryngeal specimen, superior view, immediately 
after postoperative endoscopy. 


figuration was similar to that which is seen after a 
paralyzed vocal cord has been medialized by a thy- 
roplasty procedure. 


STROBOSCOPIC EXAMINATION 


All subjects in the study underwent videostrobo- 
scopic evaluation. When phonation was induced un- 
der anesthesia, a mucosal traveling wave was pro- 
duced in the reconstructed left neocord that was syn- 
chronous with the wave in the native right vocal cord. 
The propagation of the mucosal wave in the recon- 
structed hemilarynx continued superiorly along the 
mucosal flap, above the level of the remaining right 
ventricle. 


WHOLE ORGAN GROSS AND HISTOLOGIC AXIAL 
SECTIONS 


Figure 6 is a photograph of the larynx made im- 
mediately after sacrifice of one of the dogs. A repre- 
sentative whole organ section through the level of 
the midglottis is shown in Fig 7. The whole organ 
sections demonstrate several important features of 
this reconstruction technique. New bone and carti- 
lage growth was noted on the site at which the exter- 
nal thyroid perichondrial flap was placed over the 
microplate. In addition, the sections clearly demon- 
strated that the superiorly based sternohyoid muscle 
flap was fixed in the same orientation as the excised 
thyroarytenoid muscle. It was also noted that the 
myofascial flap was medialized by the bone and car- 
tilage at the microplate site, and that it had main- 
tained sufficient bulk to effectively medialize the neo- 





Fig 7. Whole organ axial section at level of mid-glottis. 


cord at the level of the glottis. 


DISCUSSION 


The most common methods used for reconstruc- 
tion of vertical hemilaryngectomy defects employ 
strap muscle myofascial flaps or rotational flaps from 
adjacent larynx or hypopharynx mucosa.?-* There are 
a number of disadvantages to these methods. When 
local mucosal rotational flaps are used alone, they 
may not provide adequate bulk for restoring volume 
to the laryngeal defect. This lack can result in breathy 
dysphonia or aspiration. Rotational mucosal flaps 
produce distortion of the donor sites in the pyriform 
sinus or epiglottis, which can also contribute to dys- 
phagia or aspiration. 


Local strap muscle flaps are used frequently for 
hemilaryngeal reconstruction, in the belief that the 
disadvantages of local rotational or free mucosal 
grafts outweigh their benefits. Many myofascial flaps 
have been described that can provide adequate bulk 
for replacing the excised hemilarynx. The primary 
disadvantage is that they result in an adynamic glot- 
tic surface lined by a thin mucosal layer that does 
not physiologically vibrate. Despite deficiencies re- 
lated to vocal function, myofascial flaps are a very 
good option for partial laryngeal reconstruction, be- 
cause they are versatile and produce consistent re- 
sults. 


An alternative approach to vocal cord reconstruc- 
tion involves the use of the false vocal cord to recon- 
struct the true cord. In imbrication laryngectomy,’ 
the false vocal cord and aryepiglottic folds are imbri- 
cated medially to allow the false cord to vibrate op- 
posite the intact contralateral true cord. The false vo- 
cal cord flap! is another alternative, in which the 
false cord is unfolded and sutured to the inferior por- 
tion of the defect. Neither of these techniques is ap- 
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propriate for the kind of complete hemilaryngeal de- 
fect described in this study. 


When a mucosal island flap such as the buccal 
flap described herein is used, the mucosa and sub- 
mucosa are transferred as a unit, producing a cover 
that closely replicates the excised vocal fold mucosa 
and lamina propria. We believe that the buccal mu- 
cosa island flap method is preferable to a thin free 
buccal graft, because the submucosal integrity is pre- 
served in the former. In addition, the potential for 
graft necrosis and scar contracture is limited in this 
well-vascularized, axial-pattern mucosal flap as com- 
pared to a nonvascularized buccal graft. Unfortunate- 
ly, no method is capable of precisely reproducing the 
normal layered structure of the vocal cord, includ- 
ing the extracellular matrix proteins of the lamina 
propria. 


The canine experience with this method indicates 
that it is a promising approach to hemilaryngeal re- 
construction. The ability to produce a mucosal wave 
in the reconstructed neocord is particularly notewor- 
thy, because traditional methods of reconstruction are 
unable to provide such vibration. In the canine model, 
the larynx was competent and swallowing function 
was preserved. However, because the larynx is less 
upright in the dog than in the human, this model may 
not be sensitive in determining potential clinical prob- 
lems with glottal competence in human laryngeal re- 
construction. The airway was adequate to allow sus- 
tained periods of exercise after closure of the trache- 
ostomy. Endoscopy indicated that the laryngeal air- 
way was similar to that seen after a medialization 
procedure for unilateral vocal cord paralysis. The ad- 
dition of a laryngeal framework reconstruction con- 
tributed to the technique by providing support at the 
anterior commissure and maintaining the anterior- 
posterior diameter of the glottis. 


It is difficult to predict the anticipated human 
speech result from canine experiments. In the dogs, 
however, the phonatory result was subjectively very 
good. There was minimal breathiness, and each dog 
produced a loud bark that indicated that they were 
able to achieve complete closure of the glottis for 
generation of subglottic pressures substantial enough 
to drive phonation. Also, the mucosal wave seen on 
the reconstructed side during videostroboscopy sug- 
gests that a vascularized mucosal flap may provide a 
suitable substitute for the viscoelastic properties of 
the native laryngeal mucosa and lamina propria. 


The new bone and cartilage that grew over the mi- 
croplate scaffold acted to replicate the excised thy- 


roid cartilage. The microplate placed at the level of 
the glottis maintained the structural integrity of the 
larynx and prevented the unresected thyroarytenoid 
muscle from pulling the anterior commissure to the 
contralateral side. In our previous experience in the 
canine model, it was found that there was shorten- 


ing of the anterior-posterior dimension of the glottis 


when the laryngeal framework was not reconstructed. 
This shortening may prevent the remaining thy- 
roarytenoid muscle from effectively tensing the in- 
tact vocal cord. We believe this limitation would have 
a significant effect on the resulting quality of vocal 
function following this. reconstruction. 


Our preliminary results indicate that this proce- 
dure is arelatively safe and effective method of hemi- 
laryngeal reconstruction in the canine model. In or- 
der to advocate this procedure in a human subject 
with a hemilaryngeal defect, one would have to con- 
sider several factors. First, additional operative time 
would be necessary to raise the buccal mucosa is- 
land flap. The flap also would produce an additional 
surgical wound in the oral cavity. However, this do- 
nor site defect is usually well tolerated in patients 
who undergo nonvascularized buccal mucosa grafts 
and intraoral facial artery myomucosal flaps. Finally, 
there is a potential for injury to the marginal branch 
of the facial nerve, which is located adjacent to the 
vascular pedicle of the flap. 


Sasaki et al!!:12 reported a full-thickness cheek flap 
based on the facial artery that included both cheek 
skin and buccal mucosa. This approach has been used 
for reconstruction of cervical esophageal strictures 
and limited pharyngeal defects in humans. The do- 
nor site morbidity was reported to be acceptable: A 
vascularized buccal mucosa island flap may prove 
to be a useful technique for human laryngeal recon- 
struction, if it can be performed with acceptable risk 
and demonstrate an improvement in vocal function 
compared to traditional methods of hemilaryngeal 
reconstruction. 


In conclusion, we present a new technique for par- 
tial laryngeal reconstruction consisting of a vascu- 
larized buccal mucosa island flap, a transversely ori- 
ented sternohyoid muscle flap, and a microplate la- 
ryngeal framework repair. Our preliminary experi- 
ence with this technique in the canine model has been 
encouraging. The primary advantage of this layered 
reconstruction is that it produces a functional, vibra- 
tory neocord offering a voice outcome potentially bet- 
ter than that achieved with traditional methods of 
hemilaryngeal reconstruction. 
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The pressure-flow relationship was examined in excised canine and human larynges with and without a vocal tract. Canine and 
human larynges were prepared and cut in the midsagittal plane from the top to about 10 mm below the vocal folds. The right half was 
removed and replaced with an acrylic plate. The vocal tract was simulated initially with a 15-cm plastic tube and later with a vocal 
tract model with an area function resembling “ah.” Simultaneous recordings were made of the glottal pressure, mean subglottal 
pressure, and average airflow at various levels of adduction. Preliminary data indicated that the pressure-flow relationships were 
similar to those of a full larynx and were almost linear. The addition of the vocal tract increased the glottal resistance by moving these 
pressure-flow lines to the lower-flow and higher-pressure region. The human larynx appears to phonate more easily than the canine 
larynx on the laboratory bench and has lower phonation threshold pressures. 


KEY WORDS — canine hemilarynx, glottal adduction, intraglottal pressure, miniature transducer, pressure-flow relationship, 


vocal tract. 


INTRODUCTION 


The vocal fold dynamics of phonation depends on 
the tissue properties and pressure distribution within 
the glottis. While most tissue properties are almost 
constant during phonation, the pressure distribution 
is dynamically changing within the glottis. Also, the 
pressure distribution within the glottis is not uniform 
and has large variations both in the superior-inferior 
direction, parallel to the airflow, and in the anterior- 
posterior direction, perpendicular to the airflow.! 
Measuring these dynamic intraglottal pressures has 
been a difficult task in the past because of glottal 
space limitations present during vibration of the vo- 
cal folds. Recently, these measurements were made 
possible by the use of miniature pressure transduc- 
ers in excised hemilarynx experiments.1? 


Excised canine hemilarynges were used by Jiang 
and Titze? to study contact pressure during phona- 
tion. They reported a method and data for contact 
pressures using a hemilarynx approach. Placing a sin- 
gle pressure transducer at various glottal locations, 
they found that the impact pressures on the vocal 
fold surfaces increased with subglottal pressure and 
adduction. Also, Alipour and Scherer,! in a similar 
protocol using canine hemilarynges, studied dynamic 
pressure within the glottis. Although their study was 
similar in technique, their focus was intraglottal pres- 
sure during a complete cycle of oscillation and was 


not limited to the portion of the cycle in which vocal 
fold contact occurred. They reported that the pres- 
sures in the glottis varied throughout the phonatory 
cycle, in both the superior-inferior and anterior-pos- 
terior directions. They also reported that the pres- 
sures varied most widely near the location of maxi- 
mum vibratory amplitude, and that they can include 
negative pressures during a portion of the cycle. Ka- 
taoka and Kitajima^ investigated the relationship be- 
tween changes in the fundamental frequency of pho- 
nation and the subglottal pressure in 3 excised ca- 
nine hemilarynges. They reported some correlations 
between the length and depth of the vibration and 
the fundamental frequency. 


Much has been learned from the excised canine 
experiments so far, but there are some anatomic dif- 
ferences between canine and human larynges that 
could make the extrapolation of the canine data to 
human phonation a little difficult. Among the major 
anatomic differences is the lack of a vocal ligament 
in the canine vocal fold, which limits the range of 
fundamental] frequency of phonation. Also, the ex- 
cised larynx technique does not include a vocal tract, 
which has a major effect on acoustic output. The reso- 
nance of the vocal tract could also affect the dynam- 
ics of the vocal fold, since the vocal tract air column 
is an inertive and resistive load.? 


The purpose of this study was to compare the aero- 
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Fig 1. Side view of Plexiglas sheet with embedded pres- 
sure transducers (foreground) and mounted hemilarynx 
(on other side of Plexiglas). Pressure transducers are num- 
bered | through 8 on Figure. 


dynamics of human and canine hemilarynges with 
and without the presence of a simple vocal tract. 


METHODS 


Two human larynges were obtained from autopsy 
at the University of Iowa Hospitals and Clinics. These 
larynges were collected within 24 hours after death 
and after the stages of rigor mortis in the neck re- 
gion. They were donated from 2 men ages 56 and 57 
years. These individuals had no history of head or 
neck trauma or disease of the larynx. Six canine la- 
rynges were obtained after cardiovascular research 
experiments at the University of Iowa Hospitals and 
Clinics. No dogs were sacrificed for the purpose of 
this study. The canine specimens were obtained from 
large adult subjects with no evidence of trauma or 
head and neck disease. All larynges, both human and 
canine, were quick-frozen with liquid nitrogen and 
stored in a freezer (at -20*C) and slowly thawed in a 
refrigerator before use. 


Each larynx was cut in half along the midsagittal 
plane. Excess tissue was removed, leaving | true vo- 
cal fold, 1 arytenoid cartilage, and the thyroid and 
cricoid cartilages on the retained side. The hemi- 
larynx was mounted on a ?/4-inch stainless steel tube 
mimicking the trachea so that the glottis was easily 
viewed by a camera and was accessible by equip- 
ment (Fig 1). A 60 x 60-mm !/4-inch sheet of clear 
acrylic had an array of holes drilled into it for later 
passage of pressure transducers. The acrylic sheet was 
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Fig 2. Schematic of hemilarynx mounting with vocal tract 
and measuring equipment. 


mounted to the stainless steel tubing with screws af- 
ter the trachea was positioned on the tube. The hemi- 
larynx was glued to the acrylic plate at the thyroid 
and cricoid cartilage borders. The remaining spaces 
between the hemilarynx and the acrylic plate were 
sealed with rubber glue. 


Adduction was controlled by the placement of 
metal shims of various thicknesses (0.1 to 1.0 mm) 
between the arytenoid cartilage and the acrylic pane, 
posterior to the vocal process. A 2-pronged probe 
was used to adduct the arytenoid cartilages and keep 
each shim in place. Tension control and elongation 
was aided by sutures attached to the arytenoid carti- 
lage at one end and a weight strung over a pulley at 
the other end. For each tension adjustment, first the 
2-pronged probe was retracted to allow the length 
change, and then a shim was inserted for proper ad- 
duction. 


The vocal tract model initially was made from a 
plastic hose with a diameter of 2.5 cm, a length of 15 
cm, and a thickness of 0.25 cm. Later, a model was 
made from a hard rubber material in an attempt to 
mimic the area function of the vowel “ah.” Later anal- 
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Fig 3. Pressure waveforms for 2 arrays of pressure trans- 
ducers in glottis. Top traces refer to pressure taps in pos- 
terior-anterior direction (P4-P6). Bottom traces refer to 
pressure taps along flow direction (P1-P4). 


ysis showed slight deviation from the targeted model. 
The vocal tract was glued to the acrylic plate just 
above the vocal folds and sealed with rubber glue to 
prevent air leakage (Fig 2). 


Intraglottal air pressures were measured with min- 
iature pressure transducers (Entran EPE-551). The 
mean subglottal pressure was monitored with a wall- 
mounted water manometer (Dwyer No. 1230-8) at a 
location 10 cm below the glottis. The time-varying 
subglottal pressure was recorded with a piezoresistive 
pressure sensor (Microswitch 136PCOIG1) at the 
same location as the manometer tap. The mean flow 
rate was monitored with an in-line flowmeter (Gil- 
mont model J197). An 8-channel Sony digital audio- 
tape recorder was used to record the pressure signals. 
Selected signals were monitored on a 4-channel Data 
Precision digital oscilloscope. Analog signals from 
the digital audiotape recorder were digitized with a 
12-bit analog-digital board and analyzed on a perso- 
nal computer. 

RESULTS 


Figure 3 shows glottal pressure waveforms for 
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Fig 4. Typical pressure-flow relationship for human hemi- 
larynx (HHO1) during phonation, with and without vo- 
cal tract, at various adduction levels (shim sizes). Hol- 
low and filled symbols refer to cases without and with 
vocal tract, respectively. 


canine hemilarynx HL62, obtained during phonation 
at a frequency of 370 Hz induced by vocal fold ten- 
sion. The top traces represent the pressure variation 
in the posterior-anterior direction. These pressure taps 
are located about | to 2 mm below the vocal fold 
edge and are 5 mm apart. Tap 6 is about 2 mm from 
the anterior commissure, and tap 4 is about 3 mm 
from the vocal processes. The pressure readings of 
taps 4 and 5 show a negative component that corre- 
sponds to the time of maximum excursion of the vo- 
cal folds at those locations.! The bottom traces refer 
to the pressure waveforms along the flow. Subglottal 
pressures P1, P2, and P3 appear to be almost sinus- 
oidal and in phase with each other, and have decreas- 
ing values as the location becomes closer to the vo- 
cal folds. This relationship may not hold at the time 
of closure, when they become maximum, at which 
time P2 and P3 take the same value, but PI is still a 
higher value. 


Figure 4 shows the pressure-flow relationship of 
human hemilarynx HHO! at various levels of adduc- 
tion. The solid symbols represent data gathered with 
vocal tract | (the tube), and the hollow symbols are 
data gathered without the vocal tract. The general 
linear increasing pressure-flow trend that was re- 
ported by Alipour et al^ and Alipour and Scherer! 
can be observed in both models with and without a 
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Fig 5. Another example of pressure-flow relationship for 
human hemilarynx (HH02) during phonation with and 
without vocal tract, at various adduction levels. 


tract. For a given flow rate, the pressure values are 
higher for models with a tract than for models with- 
out a tract. Also, the model with a vocal tract has a 
lower flow rate, which indicates that the vocal tract 
causes some aerodynamic load on the larynx and in- 
creases the glottal resistance. The differential flow 
resistance? or slope resistance of the cases without 
the vocal tract ranges between 10.2 and 14.6 cm H20 
per liter per second (Ips), with an average of 13.2 cm 
H20/lps. Use of the vocal tract makes the range of 
resistance 18.7 to 23 cm H20/lps, with an average 
of 20.7 H20/lps, ie, an increase of 57%. 


Figure 5 demonstrates the same phenomena for 
human hemilarynx HH02. However, it is interesting 
to note that the phonation threshold pressure is lower 
with the vocal tract (3 cm H20) than without the vocal 
tract. The ranges of differential resistance in this lar- 
ynx were 17.6 to 23.9 cm H20/lps without a vocal 
tract and 22 to 26.4 cm H2O/Ips with a vocal tract. 
The average resistance showed an increase of 23%, 
from 19.6 to 24.2 cm H2O/Ips. The smaller range of 
resistance is predictable from the lower scatter in data 
points for this larynx, which suggests a lower sensi- 
tivity of this larynx to adduction control. 


Similar data are shown in Fig 6 for canine hemi- 
larynx HL58. Again, the vocal tract has an increas- 
ing effect on the aerodynamic load that moves the 
pressure-flow line to the upper left of the graph (solid 
symbols). The range of resistance for this canine 


ty) 


An 
‘Nn 


35 vt & shim 


30 


Pressure (cm H,O) 
a Š 


10 





600 800 1000 1200 1400 
Flow Rate (mL/s) 


Fig 6. Pressure-flow relationship for canine hemilarynx 
(HL58) during phonation with and without vocal tract, 
at various adduction levels. 


hemilarynx without a vocal tract was 17.9 to 38.1 
cm H2O/Ips, with an average of 26.0 cm H2O/lIps. 
Use of a vocal tract model similar to “ah” increased 
the resistance to a range of 32 to 40.3 cm H2O/Ips 
and an average of 36.6 cm H20/lps, ie, a 41% in- 
crease. The phonation threshold pressure for this ca- 
nine model ranges from 6 to 10 cm H20O, which is 
higher than that for human larynx HHO2. This find- 
ing confirms that the excised human larynx is a good 
instrument for phonation. Indeed, human larynx pho- 
nation on the laboratory bench is easier and more sta- 
ble than canine phonation, even with larynges from 
elderly subjects. 


Figure 7 is the representation of the sound pres- 
sure level (SPL) in canine hemilarynx HL63 with 
and without a vocal tract. As subglottal pressure in- 
creases, the SPL increases in a nonlinear manner, with 
sharp increases at the beginning and a slower rise at 
the end. Increasing adduction or using smaller shims 
has pronounced effects on the SPL. In most cases, 
increasing adduction or using smaller shim sizes 
causes an increase in the SPL; however, this effect is 
not consistent and may require further investigation. 
On the other hand, the addition of the vocal tract con- 
sistently increases the SPL. In this experiment, the 
vocal tract resembling “ah” was used. The increase 
in SPL due to the presence of the vocal tract is prob- 
ably caused by partial resonance effects. 
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Fig 7. Effects of subglottal pressure on sound pressure 
level in canine hemilarynx (HL63) during phonation with 
and without vocal tract, at various adduction levels. 


To verify the resonance effects of the vocal tract, 
we increased the fundamental frequency of phona- 
tion by increasing the vocal fold tension. Figure 8 
shows variations of SPL versus subglottal pressure 
for canine hemilarynx HL63. In this experiment, the 
vocal fold was elongated with a suture attached to 
the arytenoid cartilage. The tension level was identi- 
fied with numbers in increasing order. The increase 
of frequency that is caused by tension has the effect 
of increasing the SPL. 


DISCUSSION 


The hemilarynx was chosen for this study of aero- 
dynamics during phonation because of the difficulty 
in securing pressure transducers to the vocal folds in 
a whole larynx, and the ease of attaching a vocal tract 
and small pressure transducers within a rigid sheet 
against which the vocal fold could vibrate. In fact, 
the canine larynx model has been used frequently to 
study voice production, because of the ease of sup- 
ply of canine larynges and their anatomic resem- 
blance to the human larynx. The excised larynx has 
proved that vocal folds can oscillate in a sustained 
mode without any vocal tract. This study examined 
the effects of a vocal tract on excised larynx phona- 
tion, both in canine and human larynges. 


An interesting finding in this study is that the in- 
traglottal pressures near the location of maximum 
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Fig 8. Effects of vocal fold tension on sound pressure 
level in canine hemilarynx (HL63) during phonation with 
vocal tract, at various tension levels. 


amplitude of vocal fold vibration reach some nega- 
tive values compared to more anterior and posterior 
glottal locations. The negative pressure in pressure 
taps 4 and 5 corresponds to the time that subglottal 
pressure P1 is raised to its peak, which is the closing 
phase of oscillation. This generates a driving force 
that is opposite in phase with the tissue displacement, 
and is the basis for the mechanism of vocal fold self- 
oscillation suggested by Titze.? 


An increase in differential flow resistance was in- 
tuitively predictable, and it was demonstrated in this 
study. The decrease in the phonation threshold pres- 
sure can be explained by the impedance of the vocal 
tract.? The inertive component of impedance has a 
positive effect on the self-oscillation of the larynx. 
The addition of the vocal tract to the hemilarynx setup 
had shown an increasing effect on sound intensity 
that was due to partial resonance effects. The overall 
objective of this study was fulfilled with these data. 


When comparing the human and canine data and 
considering results with and without the vocal tract, 
one can extrapolate and revise the previous data from 
canine experiments for better human voice model- 
ing. Once the vocal tract design is improved, future 
studies can investigate aerodynamic properties, as 
well as the tuning of vocal fold oscillations by means 
of various vocal tract shapes. 
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EFFECTS OF LENGTH AND DEPTH OF VIBRATION OF THE VOCAL 
FOLDS ON THE RELATIONSHIP BETWEEN TRANSGLOTTAL 
PRESSURE AND FUNDAMENTAL FREQUENCY OF PHONATION IN 
CANINE LARYNGES 
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The relationship between fundamental frequency of phonation (Fo) and the change in Fo per unit change of transglottal pressure 
(dF/dP) was investigated in 3 excised canine larynges. The effects of the length and depth of vocal fold vibration on the relationship 
between dF/dP and Fo were evaluated. A positive correlation between dF/dP and Fo was observed when an increase in F0 was 
accompanied by a decrease in the depth of vibration while the length of vibration reached a plateau. Although a negative correlation 
between dF/dP and Fo was observed in only 1 case, this relationship seemed relevant to the length of vibration. These results help to 
clarify the adjustments of length and depth of vibration involved in regulating Fo. 
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INTRODUCTION 


Transglottal pressure influences the fundamental 
frequency of phonation (Fo). Tanaka et al! reported 
that changes of Fo per unit change of transglottal pres- 
sure (dF/dP) vary with Fo. For a graph in which dF/ 
dP is the y-axis and FO is the x-axis, dF/dP versus Fo 
exhibits a V-shape in the modal register. That is, the 
values for dF/dP decrease with an increase in F0 at a 
lower FO, and increase with Fo at a higher Fo.! The 
mechanism underlying the effects of transglottal pres- 
sure on F0 has been evaluated theoretically and ex- 
perimentally by Titze,? who stated that the value of 
dF/dP is determined by the magnitude of vocal fold 
stretching. Because the length of the vocal folds in 
humans increases as FO increases,?^^? the left side of 
the V-shaped curve results from the stretching of the 
vocal folds. However, the right half of the V requires 
explanation, because the values of dF/dP increase 
with an increase in F0. Titze? reported that the depth 
of vibration is another parameter for determining the 
values of dF/dP. Such values increase when the depth 
of vibration is limited to the edge of the vocal folds, 
as is typical of falsetto phonation. Hollien? studied 
the relationship between the thickness of the vocal 
folds and Fo and found that the thickness decreases 
as the FO increases. We investigated the effects of 
the vibrating depth as well as the vibrating length of 
the vocal folds on the relationship between dF/dP and 
Fo using excised canine larynges. 


METHODS 
We obtained larynges that had been excised by 


total laryngectomy in 3 beagles (8 to 10 kg) that had 
undergone physiological study at the Department of 
pharmacology, Shiga University of Medical Science. 
None of the dogs had undergone endotracheal intu- 
bation. One larynx (larynx 1) had been stored frozen 
at —80?C and was used after having been defrosted 
at 10?C for 24 hours. The other 2 larynges (2 and 3) 
were freshly obtained 15 minutes after death, which 
was induced by the intravenous administration of pen- 
tobarbital sodium solution (100 mg/kg). 


We developed a model of hemilaryngeal phona- 
tion as described by Jiang and Titze. We trimmed 
any remaining muscles away from the thyroid carti- 
lage of the excised canine larynges. The larynx was 
cut horizontally through the thyroid cartilage at the 
point about 4 mm above the level of the true vocal 
folds. The right vocal fold, the right arytenoid carti- 
lage, and the right half of the thyroid cartilage were 
removed. The remaining left half of the larynx was 
fitted exactly to a transparent Plexiglas plate (7 x 7 
cm) with epoxy resin glue and clay (Fig 1). A 2- 
pronged device was used to adjust the arytenoid car- 
tilage. The cut edge of the thyroid cartilage was pulled 
anteriorly to control the length of the vocal folds. 


To investigate the effects of the length of vibra- 
tion and the depth of vibration on the relationship 
between dF/dP and Fo, we analyzed 2-directional im- 
ages of the vocal folds. A block diagram of the sys- 
tem is shown in Fig 2. The transparent Plexiglas plate 
enabled us to observe the vibration from the medial 
side (sagittal view), as well as from superior side 
(axial view). The larynx was forced to vibrate by de- 
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' Fig 1. Left half of canine larynx was mounted on Plexi- 
glas. Two views (sagittal and axial) of vocal fold were 
obtained. 


livering an air stream conditioned to 38°C and 100% 
humidity. During stable vibration, the transglottal 
pressure was suddenly reduced by quickly closing 
the shutter valve mounted on the trachea. This valve 
consisted of a rotating cylinder with a hole for the 
passage of air (Nagashima Air Flow Interrupter NK 
100, Tokyo, Japan). The cylinder was programmed 
to rotate 45? by a switch. The diameter of the airway 
inside the valve was reduced by one seventh (0.143), 
resulting in a reduction in the transglottal pressure 
during phonation. The rotated cylinder was kept in 
that position for 300 ms and was then rotated to the 
original position. The time required to rotate the cyl- 
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Fig 2. Diagram of system. Movement of vocal fold was 
observed through transparent Plexiglas (sagittal view) and 
from above vocal fold (axial view). Voice signal and in- 
tratracheal air pressure (Pt) were recorded during vibra- 
tion. DAT — digital audiotape, CCD — charge-coupled 
device, VTR — videotape recorder. 
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200 ms 


Fig 3. Computer display of signals and 4 vertical cur- 
sors. Values for 4 parameters — fundamental frequency 
of phonation (F0) before reduction of intratracheal air 
pressure (Fo1), Fo after reduction of intratracheal air pres- 
sure (F02), intratracheal air pressure (Pt) before reduc- 
tion (Pt1), and Pt after reduction (P2) — were calcu- 
lated with 4 vertical cursors on display. 


inder was 25 ms. Intratracheal air pressure (Pt) was 
sensed through a tube mounted between the larynx 
and the shutter valve and was converted to an elec- 
trical signal (San-Ei Biophysiograph 180 System, To- 
kyo). The voice signal was picked up with a micro- 
phone. The air pressure and the voice signal were 
simultaneously stored on a digital audiotape recorder 
(TEAC RD-130TE, Tokyo) for later analysis. 


The length of the vocal folds was increased by 
pulling a nylon thread that was sutured to the ante- 
rior edge of the thyroid cartilage, parallel to the lon- 
gitudinal direction of the vocal folds during vibra- 
tion. Clay was used to seal the gap between the cut 
edge of the thyroid cartilage and the Plexiglas so as 
to prevent the escape of air during insufflation. Each 
time the thyroid cartilage was moved or pulled, we 
readjusted the clay seal. The action of the thyroary- 
tenoid muscle was not simulated. The movements 
of the vocal folds in 2 directions, on the axial and 
sagittal planes, were monitored during vibration by 
2 CCD cameras (ELMO CN42H, Tokyo) under 2 
strobe lights (First Stroboscope FLS-100, Tokyo) and 
were projected on the same screen (Video Mixer, First 
MV-100 Multi Viewer, Tokyo). The strobe lights were 
projected on the axial and sagittal planes from the 
back of 2 cameras. The images were stored on vid- 
eotape (Sony SVO-260, Tokyo) for analysis. 


The voice signal and subglottal pressure (Pt) were 
analyzed with a signal processor (San-Ei 7T18). The 
computer program used was designed to register sig- 
nals of 200 ms. The sampling frequency was 20 kHz. 
A typical computer display is illustrated in Fig 3. 
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Fig 4. Definition of parameters as related to model. Lta 
— length of vocal fold, Lsg — length of vibration on 
sagittal plane, Asg — amplitude of vibration on sagittal 
plane, Aax — amplitude of vibration on axial plane. 


With 4 vertical cursors on this display, the value of 
dF/dP was calculated by a computer as follows: dF/ 
dP = (Fol — Fo2)(Pt1 — Pt2), where Fol (hertz) is 
the Fo before the reduction of Pt calculated with fast 
Fourier transformation of a 30-ms time window; F02 
(hertz) is the Fo after the reduction of Pt calculated 
with fast Fourier transformation of a 30-ms time win- 
dow; Pti (centimeter of water) is the Pt before the 
reduction, averaged for the 30-ms time window cor- 
responding to the F01; and Pt2 (centimeters of wa- 
ter) is the Pt after the reduction, averaged for the 30- 
ms time window corresponding to the F02. The cal- 
culation of dF/dP was done once for each FO. 


Four parameters were defined on the videotape re- 
corder display ofthe larynx. On the sagittal view (right 
side of Fig 4), the distance between the anterior com- 
missure and the vocal process was defined as the 
length of the vocal fold (Lta). The vibrating edges of 
the vocal fold were traced on several frames involved 
in 1 cycle of vibration on the axial view (left side of 
Fig 4). We selected the most lateral and medial trac- 
ings. The greatest distance between these 2 tracings 
measured along the perpendicular line to the Plexi- 
glas (line a-b) was defined as Aax, the amplitude of 
the vibration on the axial plane. On the sagittal view 
(right side of Fig 4), the crest of the traveling wave 
was traced on each cycle of vibration. The most ce- 


TABLE 1. RANGES OF LTA 


Initial Maximum Maximum Ltal 
Larynx Lta (mm) Lta(mm) Initial Lta (mm) 
l 15.3 19.3 1.26 
2 14.8 20.3 1.37 
3 12.3 17.6 1.43 


Lta — length of vocal fold. 


TABLE 2. RANGES OF LSG, AAX, AND ASG 


Larynx Lsg (mm) Aax (mm) Asg (mm) 
1 14.1-15.3 0.25-0.56 0.62-1.16 
2 14.6-16.1 0.28-0.80 1.05-1.80 
3 12.2-15.3 0.30-1.19 1.30-2.58 


Lsg — length of vibration on sagittal plane, Aax — amplitude of 
vibration on axial plane, Asg — amplitude of vibration on sagittal 
plane. 


phalic and the most caudal tracings were selected. 
The greatest distance between these 2 tracings mea- 
sured along a straight line perpendicular to that con- 
necting the anterior commissure and the vocal pro- 
cess was defined as Asg, the amplitude of the travel- 
ing wave on the sagittal plane. The distance between 
the 2 points at which the 2 crest tracings used to de- 
fine Asg met anteriorly and posteriorly was defined 
as Lsg, which was the length of vibration on the sag- 
ittal plane. We supposed that Aax was the depth of 
vibration on the axial plane, and Asg was the depth 
of vibration on the sagittal plane. 


RESULTS 


The initial and maximum values for Lta are shown 
in Table 1. The ratio of elongation (maximum Lta/ 
initial Lta) ranged from 1.26 to 1.43. The ranges of 
Lsg, Aax, and Asg are shown in Table 2. The values 
for Asg were about twice those for Aax. Tables 3-5 
show the values for dF/dP, Fo, Aax, Asg, Lsg, and 
Lta for each larynx. To obtain a better understanding 
of the relationship between Fo and the other param- 
eters, we plotted these values against FO (Fig 5). Fig- 
ure 5A shows the relationship between dF/dP and 
Fo. Larynx 1 showed an almost linear relationship 
with Fo. Larynx 3 showed a U- or V-shaped curve 
against FO similar to our previous observations in hu- 


TABLE 3. RESULTS IN CANINE LARYNX 1 


Fo aF/dP Lta Lsg Aax Asg 
205.4 6.2 15.3 15:3 0.53 1.16 
215.4 3.7 15.9 14.7 0.49 0.95 
222.4 6.3 16.2 14.8 0.53 0.95 
227.6 7.2 16.3 15.0 0.56 1.13 
234.5 6.3 16.7 14.1 0.56 0.96 
235.5 5.7 16.7 14.7 0.53 0.86 
235.6 9.0 16.8 14.2 0.50 0.85 
250.9 7.3 17.3 143 0.39 0.92 
252.9 7.8 17.4 14.5 0.42 1.06 
267.2 10.1 17.9 14.1 0.49 0.91 
2Lb3 11.0 18.1 14.1 0.50 0.95 
284.3 8.3 18.2 14.8 0.46 1.03 
286.6 10.0 18.3 14.6 0.32 0.67 
288.1 14.4 18.4 14.4 0.32 0.62 
310.0 9.3 19.3 15.0 0.25 0.70 


Fo — fundamental frequency of phonation, dF/dP — change in trans- 
glottal pressure. 
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TABLE 4. RESULTS IN CANINE LARYNX 2 
Fo dF/aP Lta Lsg Aax Asg 


210.4 44 148 146 0.83 1.80 
220.8 51 156 149 080 1.77 
232.8 47 164 154 0.78 178 
244.2 39 170 155 0.69 1.61 - 

— 2548 | 41 174 156 071  LSS 
264.0 62 184 152 064 148 
2152 61 188 157 0353 140 
288.9 94 195 161 030 130 
306.2 99 203 158 028 1.05 


mans.! Larynx 2 showed a mixture of the patterns 
seen in larynges 1 and 3, resulting in a J-shaped curve. 
Because our objective was to investigate the effects 
of the length and depth of vibration on the relation- 
ship between dF/dP and Fo, we divided the data into 
2 groups: that with a lower F0 and that with a higher 
Fo, at the smallest values for dF/dP. In larynx 2, we 
arbitrarily divided the data between 244.2 Hz (dF/ 
dP = 3.9) and 254.8 Hz (dE/dP = 4.1), as is shown by 
the dotted line in Table 4. In larynx 3, we divided the 
data between 268.0 Hz (dF/dP = 1.3) and 268.3 Hz 
(dF/dP = 6.5), as is shown by the dotted line in Table 
5. These 4 groups of data were designated 2a, 2b, 3a, 
and 3b. Because larynx 1 showed an almost linear 
trend, no classification was performed, and it was 
designated group 1. These classifications were done 
somewhat arbitrarily. But what we would like to 
know is how the length and depth of vibration relate 
to Fo when the values of dF/dP are decreasing or in- 
creasing with Fo. Thus, we consider that the classifi- 
cation could be good for our purposes. The correla- 
tion coefficients between Fo and dF/dP for the 5 
groups are shown in the top line of Table 6. Positive 
correlations were observed in groups 1, 2b, and 3b, 
with correlation coefficients being .774, .950, and 
.680, respectively. A negative correlation was ob- 
served in group 3a (~.952). No correlation was ob- 
served in group 2a. 


The findings in the 3 groups that showed a posi- 
tive correlation between F0 and dF/dP (groups 1, 2b, 
and 3b) were as follows: 1) there was a positive cor- 
relation of Fo with Lta (Table 6, second line: r = .993, 
.985, .938); 2) there was a negative correlation with 
Aax (Table 3, fourth line: r = —.786, —.963, —957); 
3) there was a negative correlation with Asg (Table 


6, fifth line: r = —.651, —984, —971); and 4) there . 


was no correlation between F0 and Lsg. These 4 find- 
ings mean that when a positive correlation exists be- 
tween dF/dP and Fo, the depth of vibration (Aax and 
Asg) is closely correlated with F0, whereas the length 
of vibration (Lsg) is not. 


Only group 3a showed a negative correlation be- 
tween FO and dF/dP. What differed from observa- 


TABLE 5. RESULTS IN CANINE LARYNX 3 
Fo dF/dP Lta Lsg Aax Asg 


2042 213 123 122 119 258 
240.3 156 123 136 lll 239 
255.5 89 126 142 106 235 
262.1 54 126 135 107 205 
264.5 19 153 143 098 2.06 
268.0 13 153 149 093 224 | 
2683 65 153 151 0.85 213 
284.6 25 160 153 087 208 
296.2 70 160 153 064 188 
296.9 46 163 153 062 180 


tions from groups 1, 2b, and 3b was that Lsg showed 
a positive correlation with Fo (r = .902) and Lta 
showed no relationship to F0. The Lsg seemed rele- 
vant to the negative correlation between dF/dP and 
Fo in this group. 


Group 2a showed no correlation between Fo and 
dF/dP. What differed from observations from groups 
1, 2b, and 3b was that Lsg had a positive correlation 
with FO (r = .974). The Lsg may be relevant to the 
flat relationship between dF/dP and F0 in this group. 


DISCUSSION 


We hypothesized that the length and depth of vi- 
bration of the vocal folds would each have a role in 
the determination of the V-shaped relationship be- 
tween dF/dP and Fo. A positive relationship was ob- 
served between dF/dP and F0 when the depth of vi- 
bration showed a negative correlation with Fo while 
the length of vibration did not change with FO. This 
observation supports our speculation that a reduc- 
tion in the depth of vibration may explain the right 
side of the V-shaped relationship, and may confirm 
the theory of Titze? concerning the relationship be- 
tween dF/dP and depth of vibration. The present study 
showed a negative relationship between dF/dP (left 
side of V shape) only in 1 group (3a), and therefore 
the present study could not confirm our hypothesis 
regarding the left side of the V shape. However, a 
positive correlation of Lsg against F0, observed in 
groups 3a and 2a, has encouraged us to pursue our 
study. 


Confirmation of our hypothesis would require a 
model that showed a negative correlation between 
Fo and dF/dP. A negative correlation between dF/dP 
and Fo at a lower Fo has been consistently observed 
in humans.! In the present study, this relationship 
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Fig 5. Values for A) change in transglottal pressure (dF/dP), B) Lta and Lsg, and C) Aax and Asg in 3 canine larynges plotted 


against Fo. 


was observed in only 1 of 3 animal larynges. There 
are 3 possible reasons for this discrepancy. The first 
reason is the absence of thyroarytenoid (TA) muscle 
activity. The activity of the TA and cricothyroid mus- 
cles increases in parallel with Fo, at least within the 
modal register.’ Concerning the length of the vocal 
folds, the TA muscle shortens the vocal fold length.!° 
Thus, if such muscle activity were present, the change 
in the length of the vocal folds would have shifted to 
the shorter side, or to a lower F0 than that seen in the 
present study. At such a lower FO region, a negative 
correlation would be expected between dF/dP and 


Fo. The second reason is related to the activity of the 
TA muscle, which controls the thickness of the vo- 
cal fold. Hirano!! stated that when the Fo is raised, 
the activity of the vocalis muscle (medial part of the 
TA muscle) is required to maintain phonation within 
the modal register or to prevent the depth of vibra- 
tion from becoming too small for the modal register. 
Yumoto et al!? reported that stimulation of the TA 
muscle increases the cross-sectional area of the ca- 
nine vocal folds. Our present experiment did not in- 
clude that effect, so that the depth of vibration de- 
creased rather easily, even in response to a small de- 


—— a AE 
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TABLE 6. CORRELATIONS BETWEEN Fo AND DF/DP, LTA, LSG, AAX, AND ASG IN FIVE GROUPS OF DATA 


(THREE LARYNGES) 
Group 2a Group 2b Group 3a Group 3b 
Group 1 (5244.2 Hz) (2254.8 Hz) (268.0 Hz) (2268.3 Hz) 
Fo vs dF/dP .744* ~.505 9507 ~.952* 6807 
Fovs Lta .993* .997* .085* .610 .938* 
Fo vs Lsg —218 747 619 2027 —.523 
Fo vs Aax ~.786* —,994 —~.963* —.8841 —.957* 
Fo vs Asg ~.651* —.828 ~,984* —.8577 —971* 
Data are correlation coefficients (r). 
*p < .01. 
tp <.05. 


gree of elongation. The third reason is related to dif- 
ferences in the anatomy of the vocal folds among 
species. The lamina propria of canine vocal folds is 
thicker than that of humans.!? In dogs, the effect of a 
change in depth may exceed that of a change in length. 


As shown in Table 6, we observed a positive cor- 
relation between FO and Lta in all groups except for 
group 3a. Between FO and Lsg, however, there was 
no correlation, except for groups 2a and 3a. This find- 
ing shows that the Lsg reached a plateau near the 
maximum Lta in larynx 2 (group 2b) and larynx 3 
(group 3b). Haji et al!^ reported that areas near the 
anterior commissure and the vocal process are stiffer 
than those in the middle of the membranous portion. 
In the presence of a large Lta, the area near the ante- 


rior commissure should be too stiff to vibrate, caus- 
ing a plateau in the Lsg. Similar observations have 
been reported in humans by Tanabe et al.!9 


CONCLUSION 


A positive relationship was observed between dF/ 
dP and F0 when the depth of vibration showed a nega- 
tive correlation with Fo while the length of vibration 
did not change with Fo. Concerning a negative cor- 
relation between dF/dP and Fo, the length of vibra- 
tion seemed relevant to this relationship. Although 
our results in the canine larynx are preliminary, they 
suggest that the relationship between dF/dP and Fo 
would show the role of length and depth adjustments 
in raising the Fo. Additional investigations are needed 
to clarify the factors involved in the regulation of Fo. 
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ISOLATED VESTIBULAR AREFLEXIA AFTER BLUNT HEAD TRAUMA 


JEAN-PHILIPPE GUYOT, MD 
KRISTINA THIELEN, MD 


PIERRE LIARD, MD 
IZABEL Kos, MD 


GENEVA, SWITZERLAND 


The sudden unilateral loss of vestibular function is a frequent cause of vertigo. This condition is called vestibular neuronitis or 
vestibular neuritis. Its cause remains unknown, but many authors consider it to be a sequel of vestibular viral infection. We report the 
history and clinical findings of 5 patients in whom a unilateral vestibular loss occurred after head trauma. None of these patients 
complained of hearing loss. In all cases, the vertigo gradually subsided over days or weeks. The follow-up showed the partial 
recovery of vestibular function in 2 cases, while vestibular areflexia persisted in 3. The clinical course and findings were similar in 
every respect to those in patients with classic idiopathic vestibular neuronitis. 


KEY WORDS —- etiology, head trauma, vertigo, vestibular compensation, vestibular neuritis, vestibular neuronitis. 


INTRODUCTION 


The sudden unilateral loss of vestibular function 
is a frequent cause of vertigo.! Symptoms are char- 
acterized by an acute onset of vertigo without audi- 
tory or neurologic disorders. The vertigo gradually 
resolves within a few days. Most authors refer to this 
condition as vestibular neuritis? or vestibular neuro- 
nitis.? The cause of the disorder remains unknown, 
but some authors favor the possibility of a viral in- 
fection affecting the sensory neuroepithelium or 
nerve. However, studies supporting this hypothesis 
have suffered from flaws, and their results and con- 
clusions are debatable. Schuknecht and Kitamura‘ 
reported that the postmortem findings in 4 temporal 
bones from patients with attacks of vertigo suggestive 
of vestibular neuritis were similar to those observed 
in well-documented viral disorders such as mumps 
or measles. Nadol,? who reexamined the same tem- 
poral bones, considered the anomalies as nonspecific 
for a viral infection. Baloh et alô examined a tempo- 
ral bone of a patient who died of a myocardial infarc- 
tion 9 years after a well-documented vestibular neuri- 
tis. Although the immunohistochemical stainings for 
antigens of many different viruses were negative and 
viral inclusion bodies were absent from the nuclei 
or cytoplasm of the vestibular neurons on light and 
electron microscopy, they estimated that "the many 
potential viruses implicated in vestibular neuritis were 
not ruled out’’6599) and concluded that their find- 
ings were "most consistent with an isolated viral in- 
fection of Scarpa's ganglion’’®(589)! Other authors 
consider that other factors are implicated, such as a 
circulatory disturbance of the inner ear,’ an immuno- 
logic cause, or toxicity,’ but no definite proof sup- 
ports these assumptions, either. 


In the past 20 years, 17,500 patients were investi- 


gated in our otoneurological unit. Among them, 5 
presented with the history and the clinical findings 
of a sudden unilateral vestibular loss that occurred 
immediately after head trauma or a slap on the ear. 
We report these unusual cases and discuss some hy- 
pothetical physiopathologic mechanisms. 


CASE REPORTS 


Case I. An 8-year-old boy was seen in the emer- 
gency room immediately after he was struck in the 
left parietotemporal area by a golf ball. He com- 
plained of acute pain and intense rotatory vertigo ac- 
companied by profuse vomiting. The otoscopic exam- 
ination revealed a discrete swelling of the tympanic 
membrane. The patient was severely unsteady, with 
a significant postural deviation to the left. There was 
a marked spontaneous nystagmus beating to the right 
that was not modified by caloric stimulation of the 
left ear (20 mL of water at 10?C in 20 seconds). The 
fistula test was negative. A complete neurologic eval- 
uation failed to reveal any other dysfunction. A com- 
puted tomography (CT) scan of the head yielded nor- 
mal findings. Three days after the trauma, a pure tone 
audiogram showed a slight high-frequency sensori- 
neural hearing loss. The following day, the thresh- 
olds were normal (see Figure). The vertigo resolved 
spontaneously, and 3 weeks after the trauma, the child 
was asymptomatic. 


The patient underwent a standardized otoneurolog- 
ic workup with audiological tests and electronystag- 
mography (ENG). The audiological tests included a 
pure tone audiogram, impedance audiometry with sta- 
pedial reflex threshold and decay measurements, and 
auditory brain stem response (ABR) testing. The ENG 
consisted of recording of spontaneous nystagmus with 
and without visual fixation, positional nystagmus, op- 
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(Case 1) Audiogram. Two consecutive audiograms 
showed high-frequency temporary threshold shift. O — 
right air conduction; x — left air conduction, 3 days after 
trauma; + — left air conduction, 4 days after trauma. 


tokinetic nystagmus, and smooth pursuit; a rotatory 
pendular test (undamped rotation of 360? in 20 sec- 
onds); and a caloric test (20 mL of water at 44°C, 
28°C, and, if necessary, 10°C, in 20 seconds). A diag- 
nosis of hyporeflexia is considered when the binaural 
difference of the nystagmus duration is greater than 
40%. Areflexia refers to the absence of a response 
even at 10°C. The details of the testing procedure and 
criteria of abnormality used for evaluating otoneuro- 
logic tests have been reported previously.? In this case, 
the sole anomaly of the otoneurologic workup con- 
sisted of a persisting left areflexia on the caloric test. 


Case 2. A previously healthy 30-year-old woman 
was referred to the otolaryngology department a few 
hours after head trauma consequent to a traffic acci- 
dent. She complained of rotatory vertigo with nausea 
and vomiting. She denied any hearing loss or tinnitus. 
The otoscopic examination yielded normal findings. 
The Weber test (512 Hz) was not lateralized, and the 
Rinne test was positive on both sides. Normal hearing 
was confirmed by a pure tone audiogram. Postural 
tests revealed a deviation to the left. A spontaneous 
nystagmus was beating to the right, inhibited by vis- 
ual fixation. The response to caloric stimulation of 
the left ear was markedly diminished (side difference, 
75%). The symptoms spontaneously resolved in 5 to 
6 days. The patient was seen again 2 years after the 
trauma, and ENG demonstrated a slight persisting left 
hyporeflexia on the caloric test (side difference, 4090). 


Case 3. A previously healthy 20-year-old woman 
was seen 4 days after she received a slap on her left 
ear. She complained of an intense rotatory vertigo 
accompanied with nausea, vomiting, and deviation 
to the left when walking. The findings of an otoscopic 
examination, an audiogram, impedance audiometry, 
and ABR testing were normal. Right-beating nystag- 


mus was found on ENG, and a left areflexia was 
found on pendular and caloric tests. A clinical fistula 
test (pneumomassage) was negative. One month later, 
the patient was free of symptoms. Vestibular testing 
showed a slight persisting left hyporeflexia on the 
caloric test (side difference, 40%). 


Case 4. A 31-year-old man received several blows 
to the face and left ear. After a short loss of conscious- 
ness, he complained of rotatory vertigo associated 
with nausea and vomiting. He was admitted to the 
emergency department. The vertigo subsided spon- 
taneously within a few days. He was referred to the 
otoneurology unit 6 weeks later and was free of symp- 
toms. An otoscopic examination and a pure tone au- 
diogram yielded normal findings. A vestibular eval- 
uation revealed a left areflexia on the caloric test. 


Case 5. A. 37-year-old man was seen 3 months after 
a head injury associated with a short loss of con- 
sciousness. Immediately after recovery, he com- 
plained of rotatory vertigo, and he noticed a vertical 
diplopia that lasted several days. A CT scan of the 
head demonstrated a left parietal bone fracture. An 
otoneurologic workup performed 3 months after the 
accident did not reveal any spontaneous nystagmus, 
but showed a right areflexia on the caloric test. The 
nystagmic response on pendular testing was symmet- 
ric. 


DISCUSSION 


This report describes 5 cases of vestibular loss im- 
mediately following blunt head trauma. None of these 
patients complained of a concomitant hearing loss, 
although a slight temporary threshold shift was no- 
ticed in 1 case. Direct trauma to the labyrinth via the 
eardrum and ossicles seemed unlikely, as there was 
no sign of conductive hearing loss, and impedance 
audiometry results and ABR wave latencies were nor- 
mal, Three patients were seen during the early stage 
of the disorder, and the typical symptoms and signs 
of an acute vestibular loss were present. Two patients 
were referred to us with delays of 6 and 12 weeks. 
The diagnosis was made on the basis of the clinical 
history and a persisting unilateral vestibular areflexia 
on caloric testing. In all patients, the vertigo and all 
of the associated signs and symptoms gradually sub- 
sided over days or weeks. The follow-up showed a 
partial recovery of vestibular function in 2 cases, 
while vestibular areflexia on the caloric test persisted 
in 3. The processes of vestibular compensation were 
sufficient to allow all of them to resume their normal 
daily activities. Therefore, the clinical course and 
findings were similar in every respect to those of pa- 
tients with classic vestibular neuronitis.!? 


It has long been known that auditory and vestibular 
symptoms may follow head trauma. In 1934, Voss!! 
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introduced the name labyrinthine concussion to de- 
scribe this condition. However, most patients reported 
with a Jabyrinthine concussion would be considered 
today as suffering from a cupulolithiasis or canalo- 
lithiasis,!^J? which are more recent concepts.14/5 
Therefore, to our knowledge, these 5 cases represent 
the first description of an isolated sudden vestibular 
loss occurring after head injury. 


Several hypotheses can be considered to explain 
these observations. First, the vestibular loss could 
result from a perilymphatic fistula.!© This hypothesis 
is unlikely, since perilymphatic fistulas typically 
manifest as episodic vertigo precipitated by move- 
ments that place the damaged ear downward or by 
sneezing.!7.!8 Moreover, perilymphatic fistulas gen- 
erally occur in conjunction with hearing loss, tinnitus, 
and aural fullness.17.1? Second, the deficit could result 
from a temporal bone fracture. However, otoscopic 
examination did not show any hematotympanum or 
laceration of the external ear canal roof. The only 
parietal bone fracture confirmed radiologically was 
contralateral to the affected ear. Third, the symptoms 
could result from a massive dislodgment of otoconia 
from the utricle or saccule. However, in none of the 


patients was the vertigo position-dependent. Fourth, 
the sudden vestibular loss could be caused by a latent 
neurotropic virus reactivated by the stress of the acci- 
dent. Such a hypothesis is supported by a recent pub- 
lication showing a high incidence of possibly virus- 
induced cell degeneration in the ganglia of the facial 
nerve and of the vestibular nerve.2? Fifth, the symp- 
toms could result from a contrecoup injury of the ves- 
tibular nerve.?! Such a hypothesis is supported by 
case 5. On the impact side, the CT scan demonstrated 
a parietal bone fracture, while the vestibular deficit 
was on the contralateral side. Finally, the symptoms 
could be due to mechanical damage to the sensory 
neuroepithelium or vasculature of the vestibular sys- 
tem, similar to that observed at the level of the organ 
of Corti after acoustic trauma.2* Some authors have 
reported subclinical disturbances of the vestibular 
system associated with sensorineural hearing loss in 
victims of intense impulse noises.?324 Our cases are 
unique, as none involved hearing loss. They may rep- 
resent a particular and specific form of sudden vestib- 
ular loss that could be conveniently called “vestibular 
trauma" by analogy to the hearing loss resulting from 
acoustic trauma. Further research is necessary to ex- 
plain the physiopathology of this disorder. 
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COCHLEAR MICROPHONIC POTENTIALS: A NEW RECORDING 
TECHNIQUE 
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A new instrumentation and a particular method for detecting and recording cochlear microphonic potentials (CMPs) are de- 
scribed here. The CMPs were recorded in rats by means of pure tones (4,000, 2,000, 1,000, 500, and 250 Hz) and intraepidermic 
electrodes; the electrocochleography technique was avoided. An experimental design that included the use of a glutamatergic agonist 
(kainic acid [KA]) and an aminoglycoside antibiotic (kanamycin [KANA]) was carried out to demonstrate the origin of the recorded 
potential. Morphological studies showed that KA selectively eliminated the afferent type I dendrites of the spiral ganglion, while the 
administration of KANA resulted in the absence of outer hair cells. When CMPs were recorded after KA administration, no alter- 
ations were detected. In contrast, KANA administration resulted in the absence of any selective electrophysiological activity corre- 
sponding to CMPs. All these results were compared with the recording of the compound action potential of the eighth nerve obtained 
by electrocochleography. These findings and the great specificity of the reproduction of the sound stimulus confirm that the CMPs 


can be recorded by the new equipment. 


KEY WORDS — cochlea, electrophysiology, microphonic potential, neurotoxicity, ototoxicity. 


INTRODUCTION 


The cochlear microphonic potential (CMP) was 
discovered by Wever and Bray.! It is one of the co- 
chlear evoked potentials, and its main property is the 
reproduction of the waveform of the sound stimu- 
lus.2 The CMP corresponds to the physiological ac- 
tivity of the outer hair cells (OHCs)?^; therefore, it 
can be recorded in functional ears. When the CMP 
disappears, there are no responses to acoustic stimuli. 
It is the first potential produced in the cochlea after 
the sound stimulus, and its amplitude is lower than 
the amplitude of the cochlear compound action po- 
tential (CAP).5 


The origin of the CMP has been largely analyzed 
by means of experimental models involving drug ad- 
ministration. Comparing the recordings of the CAP 
and the CMP can aid in the localization of the action 
sites of drugs. A decrease in the CAP without changes 
in the CMP could indicate damage to nerve endings 
without hair cell alterations. Therefore, the admin- 
istration of glutamate agonists (eg, glutamate, kain- 
ic acid, &-amino-3-hydroxy-5-methyl-4-isoxazole 
propionic acid [AMPA], N-methyl-D-aspartate 
[NMDAD.,*-4 which specifically affect the type I af- 
ferent dendrites of the spiral ganglion, altering the 
CAP, has no effect on the CMP.!2.13.15 On the other 
hand, the administration of aminoglycoside antibiot- 
ics, which affect the hair cells, produces changes in 


both the CMP!6 and the CAP." For these reasons, the 
CMP can give reliable data about the cochlear status. 


The main property of the CMP, the reproduction 
of the sound stimulus wave, constitutes, paradoxi- 
cally, the main problem in its correct evaluation. The 
sound stimuli often used to evoke the cochlear poten- 
tials — clicks, tone pips, and tone bursts — are not 
well reproduced by earphones. The poor reproduc- 
tion produces sounds that differ from the predeter- 
mined stimulus. This situation 1s graphically shown 
in the classic representation in Fig 1A. The CMP pro- 
duced, which repeats the sound stimulus, lacks fre-. 
quency specificity.” A cochlear frequency explora- 
tion can only be done, with this type of stimulus, by 
using a spectral analysis of the recorded responses. 
Thus, the easiest way to get reliable CMP recordings 
is by using pure tones as the sound stimulus, as they 
can be correctly reproduced by earphones (Fig 1B). 


In human beings, the CMP is often registered by 
means of transtympanic electrodes together with the 
cochlear CAP.!? The first reliable human CMP re- 
cordings, isolated from the CAP,!? were registered 
with an electrode placed in the tympanic membrane 
to avoid the problems of the transtympanic technique. 
The results were obtained with continuous pure tones, 
not with transient stimuli, to induce a specific fre- 
quency response from the OHCs. The advantages 
shown by the use of surface electrodes and pure tonal 
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Fig 1. Electrical and acoustic comparisons between sound stimuli of A) click type and B) pure tone type, with both stimuli 
recorded with double-beam oscilloscope. In both A and B, upper wave represents electrical signal of sound stimulus and lower 
wave represents acoustic signal recorded with microphone at earphone. Electrical signal of sound stimulus click (A) faithfully 
represents square signal of click. However, earphone cannot reproduce stimulus, since earphone membrane has inertia that 
hinders correct reproduction of sudden rise and fall of electrical signal. In contrast, pure tone (B), which is sinusoidal electrical 
signal, is reproduced correctly by earphone and gives possibility of faithful tonal stimulation. 


stimulation were the bases for the development of 
more advanced electronic equipment,?-?? but to the 
present day, only a few reports exist on research on 
new methods to record the CMP.5-2! 


The aim of this report is to present a technique 
that allows reliable CMP responses to be recorded in 
animals by means of simple external contact elec- 
trodes. The results obtained, thanks to the technique's 
great selectivity and sensitivity, could be used in the 
diagnosis of cochlear disorders in animals or in hu- 
mans. 


MATERIALS AND METHODS 


Three experimental protocols were designed for 
validation of the results obtained with the new CMP 
recording equipment and technique. These protocols 
allowed the localization of the recorded potentials 
in the auditory receptor, and allowed a comparison 
between these results and ones obtained in CAP re- 
cordings of the eighth nerve by means of the elec- 
trocochleography technique. 


Neurotoxicity in Adult Rat Protocol. Four adult 
male rats were used. The animals were deeply an- 
esthetized (chloral hydrate 8% intraperitoneally), 
and a CMP recording was carried out in an anechoic 
chamber. Three subcutaneous needle electrodes were 
placed: 2 of them in the mandibular muscles and a 
reference electrode at the vertex. The CMP screen- 
ing was done at 5 frequencies — 4,000, 2,000, 1,000, 
500, and 250 Hz — with pure tones (see CMP Re- 
cording Electronic Equipment, below). When the ani- 
mals awoke from the deep anesthesia, a single intra- 
peritoneal injection of kainic acid (KA; Sigma, St 
Louis, Mo), 5 mg/kg body weight, was administered 
to them. Twenty-four hours later, the animals were 
again anesthetized for CMP and CAP recordings. The 
CAP recording was done by the electrocochleography 
technique (see CAP Recording, below). The means 


and SEMs of the CMP and CAP thresholds and the 
CAP NI wave latency and amplitude values were 
plotted and statistically compared by a one-way anal- 
ysis of variance (ANOVA) with a Bonferroni post 
hoc test. 


Ototoxicity in Adult Rat Protocol. Five adult male 
rats were used. The ototoxicity was produced by a 
daily intraperitoneal administration of kanamycin 
(KANA; Sigma), 300 mg/kg body weight, for 22 days. 
After this treatment, the CMP recording was null. 
The CMP recordings (see CMP Recording Electron- 
ic Equipment, below) were carried out before the 
treatment (day 0) and on days 3, 9, 13, 18, and 22, 
under deep anesthesia. The frequency CMP thresh- 
old, mean, and SEM for each exploration day were 
plotted to observe the evolution patterns of the CMP 
during the KANA treatment. 


Ototoxicity in Developing Rat Protocol. Six 10- 
day-old male rats were used. They were treated daily 
with 300 mg/kg body weight of KANA from post- 
natal day 10 to postnatal day 13. When the animals 
reached adult age (postnatal day 45), they were deep- 
ly anesthetized and prepared for CMP and CAP re- 
cordings. The means and SEMs of the CMP and CAP 
thresholds and CAP N1 wave latency and amplitude 
values were plotted and statistically compared by a 
one-way ANOVA with a Bonferroni post hoc test. 


CMP Recording Electronic Equipment. The elec- 
tronic equipment (Fig 2A) for the CMP recording 
(PM/97, Electrónica General Española, Madrid, 
Spain) consists of 2 independent units. The first, 
which produces the recording, amplification, and av- 
erage of the electrophysiological signal, includes the 
electrodes, a differential preamplifier, an amplifier, 
data collection equipment, and an averaging system. 
The second unit serves as a stimulus generator and a 
sound pressure controller. 


The CMP is recorded by subcutaneous electrodes 
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Fig 2. Cochlear microphonic | (CMP) eleeltanis E LA) Diagram of CMP electronic — Bioelectrical 
signal from specimen is collected by 3 surface or intraepidermal electrodes (right and left sides and vertex). Then, it is sent to 
differential amplifier that filters signal among 250 and 4,000 Hz. This is connected to amplifier that amplifies and filters signal 
to selected stimulus frequency. Signal is finally processed in computer averaging card, combining filtered signal with trigger 
produced by stimulus generator to discriminate synchronized CMP from recorded signal. Stimulus generator produces pure 
tone signals (250, 500, 1,000, 2,000, and 4,000 Hz) that are converted to sound stimuli by transducer. Sound reaches ear via 
rubber tube. B) CMP data sheet shows results obtained after CMP recording of rat from control group. In this case, CMP 
thresholds obtained were 80 dB sound pressure level (SPL) at 250 Hz, 60 dB SPL at 500 Hz, 50 dB SPL at 1,000 Hz, 30 dB 


SPL at 2,000 Hz, and 30 dB SPL at 4,000 Hz. 


in animals or by surface electrodes in humans, placed 
at both mandibular muscles and the vertex and con- 
nected to a differential amplifier. The differential am- 
plifier collects the electrophysiological signal from 
the patient. It has the first bandpass filter, which fil- 
ters the signal between 250 and 4,000 Hz, which are 
the limits of the exploration frequencies. 


At this stage of the recording, the relationship be- 
tween the CMP signal and noise is not good. Next, 
the signal is filtered to a frequency (stimulus frequen- 
cies 250, 500, 1,000, 2,000, and 4,000 Hz) with low 
and high bandpass filters, 90.dB per third of an oc- 
tave on the low- and high-pass sides. The filter re- 
jects the noise frequencies that differ from the stimu- 
lus frequency. In this way, the amplifier system fil- 
ters the signal that comes from the differential am- 
plifier. 


The greatest problem is to identify the CMP po- 
tential in the filtered signal. It is obtained by averag- 
ing the recorded signals that are synchronized in 
phase with the sound stimuli. To locate it, the sound 
stimuli are marked with the beginning signal, a trig- 
ger, that is produced by the stimulus generator. In 
that way, the hair cell response is synchronized in 
phase with the stimulus. This synchronization allows 
the average of the signal to be obtained in a com- 
puter with an averager card and its software, and al- 


lows the discrimination of the CMP potential from 
the recorded signal. 


The stimulus, a pure tone (250, 500, 1,000, 2,000, 
or 4,000 Hz), is produced as a function of the gen- 
erator together with the trigger signal. At the output, 
a step attenuator allows decibel selection between 
30 and 110 dB. This signal is converted to sound stim- 
uli by a transducer. 


The transducer is an electromagnetic element that 
produces a strong magnetic field. This magnetic field 
has the same stimulus frequency as, and is synchro- 
nous with, the trigger signal. This could introduce 
false effects in the CMP potential recordings. To avoid 
this problem, the transducer can be isolated and moved 
away from the patient. The sound stimulus reaches 
the patient through a 4-m-long plastic tube connected 
to the transducer at one end and to an adapter for the 
patient’s ear at the other. 


The CMP recordings can be plotted to study the 
exploration results (Fig 2B). The CMP result sheet 
(1 per ear) includes a record card (a rectangle in the 
upper part of the sheet) on which the operator can 
write the patient’s personal data: name, age, address, 
telephone and fax numbers, and exploration obser- 
vations. The main part of the sheet is occupied by 5 
squares that show the results for each exploration fre- 
quency (250, 500, 1,000, 2,000, and 4,000 Hz). The 
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treatment group: control group and dB (SPL) dB (SPL) 


kainic acid (KA) group. C) Histo- 
gram of CMP thresholds obtained in 
these groups. Mean + SEM is pre- 
sented for control group and KA 
group. D) Example of 2,000-Hz CMP 
recording of rat treated with KA. 
CMP threshold obtained in this case 
was 40 dB SPL, which was similar 
to control values. E,F) Low-magni- 
fication photographs of organ of 
Corti from cochleas obtained from E) 
control animal and F) KA-treated 
animal. Great swelling (arrowheads) 
of type I afferent dendrites, below in- 
ner hair cell (IHC) basal pole, can be 
observed. No damage was detected 
at outer hair cell (OHC) area (empty 
arrow). TM — tectorial membrane, 
scale bars — 50 um. 


results are expressed as curves that represent the CMP 
obtained at each sound intensity. A color code for 
the sound intensities, which can be seen in the lower 
part of the sheet, can help to identify the stimulus 
used and the auditory threshold at each frequency. 
Below the intensity color code, the equivalence be- 
tween decibels (sound pressure level [SPL]) and nano- 
volts can be established. The equivalence here is 0 
dB = 10 nV. To complete the CMP results sheet, the 
operator can sign the exploration. 


CAP Recording. The CAP recording? was carried 
out, under general anesthesia, on both cochleas of each 
animal. The animals were artificially ventilated (small 
animal ventilator, 141 A, New England Medical In- 
struments Inc, Medway, Mass), and the rectal tem- 
perature was kept at 37?C with a heating pad. A hole 
made in the posterolateral wall of the tympanic bulla 
allowed the placement of a silver electrode, coated 
with Teflon except at the tip, on the cochlear round 
window. The reference electrode was placed subcu- 
taneously on the mandibular muscle, and the ground 


CMP thresholds 


OCONTROL EKA 





electrode on the contralateral armpit. 


The CAP recording was carried out in an anechoic 
chamber with an attenuation of 30 dB SPL over the 
external sound (Stock, Madrid). The bioelectrical sig- 
nals were amplified, filtered, digitized, averaged, 
measured, and printed by a Mistral evoked potential 
compact unit (Medelec International, Woking, En- 
gland). The sound stimuli used were 100-us filtered 
clicks (22, 18,16, 12, 8, and 4 KHz). The stimuli were 
generated from a waveform synthesizer (HP 8904 
A, Hewlett-Packard, Spokane, Wash) and delivered 
through an earphone (Telephonics TDH39, Medelec 
International) placed close to the ear of the rat. The 
potentials recorded were averaged from 64 samples 
(repetition rate, 10 stimuli per second). The inten- 
sity of the stimulus was measured by a microphone 
(CLR-224, Promax, Barcelona, Spain) connected to 
a sound meter (SI-131 A, Promax), placed at the same 
distance from the earphone as the rat's ear, with the 
decibel SPL scale used for the sound level measure- 
ments. The ears were stimulated in a free field with 


bl 
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Fig 4. Results obtained from pro- 
tocol of ototoxicity in adult rats. 
A) Evolution of CMP thresholds 
for each stimulus frequency re- A 
corded throughout kanamycin 
(KANA) treatment: day 0 (before 
KANA treatment) and treatment 
days 3, 9, 13, 18, and 22. Mean 
+ SEM for each stimulation fre- 
quency is shown. B,C) Examples 
of CMP recordings at 2,000 Hz 
at 2 treatment days. B) Day 9, 
CMP threshold at 60 dB SPL. C) 
Day 22, CMP threshold at 100 dB 
SPL. D) Low-magnification pho- 
tograph of organ of Corti obtained 
from animal treated with KANA 
for 22 days. Ototoxicity damage 
can be observed in organ of Corti 
area (rectangle). It resulted in to- 
tal hair cell loss (star). No dam- 
age is detected in spiral ganglion 
type I dendrites (F). TM — tec- 
torial membrane, scale bar — 50 


um. 


intensities varying in 10—dB SPL steps from 100 to 
30 dB SPL. The N1 wave latency and amplitude were 
determined as a function of the intensity of the stimu- 
lus. 


Morphological Study. After the physiological re- 
cordings, while still under deep anesthesia, the ani- 
mals were decapitated; the cochleas were then re- 
moved and fixed with 2.5% glutaraldehyde in 0.1- 
mol/L phosphate buffer (pH 7.4). Next, the cochleas 
were decalcified and postfixed in osmium tetroxide 
dissolved in a phosphate solution, and then embed- 





CMP thresholds 





Kanamycin treatment day 


-m-500 Hz -4-1000Hz  -x-2000Hz  -e- 4000 Hz 


2000 Hz 


ded in Spurr resin. The samples were sectioned at 1 
um, stained with Richardson blue stain, and studied 
under a light microscope (Leica DM, Wetzlar, Ger- 
many). 


RESULTS 


Neurotoxicity in Adult Rats. In comparison to the 
control values, the administration of KA (Fig 3) pro- 
duced marked modifications in the CAP (Fig 3A,B). 
These were a significant increase in the N1 wave 
latency (Fig 3A) and an important decrease of the 
N1 amplitude values (Fig 3B) at all the frequencies. 
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Only the 22-kHz CAP recordings are presented as 
examples of the effects on the CAPs of KA-treated 
animals. The same effects were observed in the re- 
cordings of the other frequencies. 


Otherwise, the CMP thresholds obtained in the KA 
administration group did not differ from the CMP 
control thresholds (Fig 3C). The CMP recordings of 
the animals that received KA (Fig 3D) looked like 
the control CMP recordings with the CMP threshold 





ceived KANA at postnatal days 
(pnd) 10 to 13. B) Histogram rep- 
resents CMP thresholds obtained 
with pure tones at each stimulus 
frequency. Mean + SEM of each 
group is shown: control group and 
group that received KANA at pnd 
10 to 13. C,D) Input-output func- 
tions of CAP NI wave C) latency 
and D) amplitude obtained with 
16-kHz filtered clicks. Mean + 
SEM is shown at each stimulation 
level for each treatment group: 
control group and group that re- 
ceived KANA at pnd 10 to 13. E) 
Example of 2,000-Hz CMP re- 
cording obtained from rat that re- 
ceived KANA at pnd 10 to 13. In 
this case, CMP threshold was 110 
dB SPL. F) Low-magnification 
photograph of organ of Corti ob- 
tained from KANA-treated rat. 
Organ of Corti area is shown in- 
side rectangle. Total loss of hair 
cells (star), as well as degenera- 
tion of spiral ganglion fibers 
(empty arrow), can be observed. 
TM — tectorial membrane, scale 
bar — 50 um. 





at 30 to 40 dB SPL. Only the 2,000-Hz CMP record- 
ing is presented as an example of the effects of KA 
administration on the CMP recordings. 


In the morphological study (Fig 3E,F), the KA ad- 
ministration (Fig 3F) resulted in a complete swell- 
ing of thetype I dendrites of the spiral ganglion, which 
could be observed under the inner hair cells (IHCs), 
as compared with a control organ of Corti (Fig 3E). 
No damage was detected in the IHCs or OHCs in 
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these cochleas. 


Ototoxicity in Adult Rats. The administration of 


KANA to adult rats (Fig 4) produced a progressive 


increase in the CMP thresholds starting with treat- 
ment day 3 (Fig 5A). The highest CMP threshold, 
110 dB SPL, was reached at treatment day 19. The 
thresholds obtained in the CMP recording previous 
to the treatment with the stimulus frequencies 4,000, 
2,000, and 1,000 Hz were lower than those obtained 
at 500 and 250 Hz. These differences were main- 
tained during the treatment until treatment day 19, 
on which all the CMP thresholds reached 110 dB SPL. 


Two examples of 2,000-Hz CMP recordings are 
presented (Fig 4B,C). In the CMP recording of treat- 
ment day 9 (Fig 4B), a low increment in the CMP 
threshold (60 dB SPL), can be observed with respect 
to the control values (30 dB SPL; Fig 3C). At treat- 
ment day 22 (Fig 4C), the CMP threshold was the 
highest reached (100 dB SPL). 


Morphologically (Fig 4D), this treatment with 
KANA produced the elimination of the hair cells of 
the organ of Corti. No damage was observed in the 
fibers of the spiral ganglion. 


Ototoxicity in Developing Rats. The KANA treat- 
ment from postnatal days 10 to 13 (Fig 5) produced 


. asignificant increase of the CAP thresholds with re- 
spect to control values (Fig 5A) at all of the studied . 


frequencies. In addition, the CMP thresholds obtained 
from KANA-treated animals were higher than the 
control values (Fig 5B). The CMP threshold shift be- 
tween KANA and the control values was lower when 
the exploration was carried out with low-frequency 
stimuli (500 and 250 Hz). An example of a 2,000-Hz 
CMP recording of a KANA-treated rat is presented 
in Fig 5E. 


The CAP recordings of rats treated with KANA 
from postnatal days 10 to 13 showed, at all of the 
studied frequencies, a large increment in the N1 wave 
latency and a significant decrease of the N1 wave 
amplitude with respect to the control recordings. Fig- 
ure 5C,D shows the 16-kHz CAP recordings. 


The morphological study (Fig 5F) showed that 
treatment with KANA produced the loss of all of the 
hair cells of the organ of Corti, as well as the spiral 
ganglion neurons. The cochlear basal coil was the 
one most affected by the KANA treatment. 


DISCUSSION | 
À new method for CMP recording has been tested. 


- The CMP recording equipment has been tested with 


3 experimental protocols aimed at showing the CMP 
identity of the recorded potentials. The ability of the 


new electronic equipment to record the CMP has been 
demonstrated by studying the pathophysiological ef- 
fects of some drugs on the hypothetical CMP record-. 
ings. The results obtained will be discussed for each 
experimental protocol. | 


Neurotoxicity in Adult Rats. It is largely accepted 
that the origin of the CMP is the activity of the 
OHCSs.?^ The neurotransmitter involved in synapses 
between OHCS and type II afferent dendrites remains 
unknown, but glutamate can be excluded.2725 Nowa- 
days, it seems clear that glutamate is involved in neu- 
rotransmission in primary afferent synapses between 
IHCs and type I spiral ganglion neurons$-1.14,2425 
and is not involved in the synapses between OHCs 
and type II cochlear afferent dendrites. ‘Therefore, 
cochlear afferent type I neurotoxicity was selected 
for this experiment to eliminate the possibility that 
the potential recorded could have been derived from 
the activity of either IHC's or afferent type I dendrites. 


Ithas been largely reported that the intraperitoneal 
administration of KA, a glutamatergic non-NMDA 
receptor agonist, produces an excitotoxic process 
both in the central nervous system?92 and in the co- 
chlea.79,112425 As could be expected, KA treatment 
produced damage that consisted of swelling of most 
of the type I afferent dendrites, even when no dam- 
age was observed in the IHCs, OHCS, or type II af- 
ferent fibers. This damage is consistent with the ex- 
citotoxic process and is based on the entry of cal- - 
cium (Ca?*) and water into the fiber. In the electro- 
physiological recordings, these KA neurotoxic effects 
produced great alterations in the cochlear CAP, in- 
creasing the latencies and decreasing the amplitudes 
of the CAP N1 wave. These electrophysiological re- 
sults reflect the excitotoxic effects of the KA admin- 
istration, since the CAP reflects the synchronous dis- 
charge of the spiral ganglion neurons. !? 


The administration of KA did not induce any sig- 
nificant changes in the CMP thresholds compared 
with the control values. These results are in agree- ' 
ment with those of previous studies!?:19.15 that re- 


' ported the lack of any effect of the glutamatergic ago- 


nists on CMP production. This finding demonstrates 
that the potential recorded by the new electronic 
equipment is not generated in the IHCs. With 250- 
and 500-Hz stimulus frequencies, the threshold of 
the CMP increased in both the control and KA groups. 
This CMP threshold increase could demonstrate a 
deficiency of CMP production by the OHCS at these 
frequencies. This effect could be related to the audi- 
tory spectrum of the rat. This CMP electronic equip- 
ment was designed for human screening, and it uses 
stimulus frequencies that are audible and useful for 
humans; however, these frequencies are probably too 
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low for the rat cochlea. 


Ototoxicity in Adult Rats. Aminoglycoside antibi- 
otic ototoxicity was the second test selected to probe 
the CMP recording by the new equipment. The oto- 
toxic properties of these antibiotics have been ex- 
tensively studied and are well known.2? Administra- 
tion of these drugs produces changes in the CMP,!617 
as well as lesions in the OHCs and other structures 
of the organ of Corti.?8 


The aminoglycoside antibiotic selected to produce 
ototoxicity in the present study was KANA. Its ad- 
ministration resulted in a significant increase in the 
CMP threshold values from the third treatment day 
on. The development of ototoxicity could be followed 
for the whole treatment, thanks to the capacity of the 
new CMP recording equipment to record the CMP 
with surface electrodes and without any surgical in- 
tervention. The progressive increase in the CMP 
thresholds recorded throughout the treatment indi- 
cates the great specificity of the CMP recorded. The 
KANA-induced ototoxicity observed was corrobo- 
rated by the histologic images, in which damage to 
the hair cells was seen. In these cochleas, no signs of 
degeneration were detected in the spiral ganglion fi- 
bers, possibly because of a resistance of the adult ani- 
mals to the KANA-induced damage. Alternatively, 
there may have been insufficient time between the 
treatment and the histologic processing of the co- 
chleas for spiral ganglion degeneration to take place. 


The CMP recordings made before the KANA treat- 
ment (day 0) showed some differences between fre- 
quencies. The lowest CMP threshold values corre- 
sponded to 4,000, 2,000, and 1,000 Hz, whereas the 
500- and 250-Hz frequencies produced higher CMP 
threshold values. This result confirms the data ob- 
tained in the neurotoxicity protocol. It demonstrates 
that the low frequencies explored by the CMP record- 
ing equipment are at the limit of the auditory spec- 
trum of the rat. 


This protocol allowed us to demonstrate that the 
CMPs obtained by the new recording equipment have 
their origin in the activity of the OHCs. 


Ototoxicity in Developing Rats. As a complement 
to the previous ototoxicity protocol, we designed a 
study of the electrophysiological effects of the ami- 
noglycoside antibiotic KANA in developing animals. 
This protocol allowed us to compare the results of 
cochlear CAP recordings and CMP recordings ob- 
tained with the new equipment. Postnatal days 10 to 
13 were selected as the administration period, because 
the period of maturation of the cochlear potentials 





and the final cochlear structure is the period with the 
greatest sensitivity to aminoglycoside ototoxicity.29 
In this period, the administration of aminoglycoside 
antibiotics in low doses that do not affect the adult 
cochlea produces great damage in the developing co- 
chlea.?3 


The KANA treatment produced the expected oto- 
toxic effects in the developing rats. The effects on 
the CAP N1 wave, at all of the studied frequencies, 
consisted of a highly significant increase in latency 
and a reduction of amplitude, as well'as a large in- 
crease in the CAP auditory thresholds, with respect 
to the control values. These electrophysiological find- 
ings were produced by the ototoxic process that in- 
duced a complete loss of the hair cells of the organ 
of Corti and the later degeneration of the spiral gan- 
glion fibers. Morphologically, the greatest damage 
was observed in the cochlear basal coil. This is a 
characteristic effect of treatment with aminoglycoside 
antibiotics, since immunoreactivity to amikacin is 
mainly located at the OHCs of the cochlear basal 
coil.30 In addition, aminoglycoside treatment signifi- 
cantly increased the CMP thresholds in comparison 
to the control values. This is a consequence of the 
hair cell loss reported. Again, little difference was ob- 
served between the control and KANA-treated ani- 
mals in the CMP thresholds obtained with 250- and 
500-Hz sound stimuli; this finding corroborates the 
inability of the rat cochlea to generate a normal CMP 
at these stimulating frequencies. | 


In conclusion, the results obtained in the experi- 
mental protocols designed for the validation of the 
new electronic equipment for CMP recording are in 
agreement with previous findings.2? This technique 
has demonstrated a great specificity in cochlear tonal 
screening, thanks to its bandpass filters and its am- 
plification system. The pure tones used as the sound 
stimuli allow a reliable tonal exploration of the co- 
chlear hair cel] function, overcoming the lack of fre- 
quency specificity of the click stimulus. This equip- 
ment, designed as a screening method for human CMP 
recordings, was able to detect 500- and 250-Hz hypo- 
acusis in the rat cochlea; this outcome demonstrates 
the ability of the system to explore the hair cell sta- 
tus. In newborn human screening ??! the results have 
also been interesting, showing the normal patterns of 
CMP recording thresholds. In short, this new CMP 
recording equipment, combined with other, previous- 
ly established tests, such as those of the brain stem 
auditory evoked potentials and the CAP of the eighth 
nerve, can give much valuable information on co- 
chlear physiology and pathology. 
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ROLE OF INTERLEUKIN-1p IN A MURINE MODEL OF OTITIS MEDIA 
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To clarify the role of interleukin-1p (IL-1B) in the pathogenesis of otitis media with effusion (OME), we developed and investi- 
gated a murine model of this disease. Specific pathogen—free male BALB/c mice received intratympanic injections of 20 ug of 
- endotoxin derived from nontypeable Haemophilus influenzae. Three days after injection, middle ear effusions were observed through 
the eardrum. Similar pathological changes were observed after inoculation with 100 ng of recombinant IL-18. Anti-IL-1 receptor 
antibodies inhibited the pathological changes induced by the endotoxin. In situ hybridization showed expression of IL-1 messenger 
RNA in the epithelium of the middle ear mucosa. These results suggest that IL-1B might be associated with endotoxin-induced 
inflammation in the middle ear and might play an important role in the induction of otitis media with effusion. 


"^ KEY WORDS — endotoxin, interleukin-10, mouse, otitis media with effusion. 


INTRODUCTION 


Endotoxin is detected frequently in middle ear ef- 
fusion (MEE)! and is thought to be involved in the 
pathogenesis of otitis media with effusion (OME). 
In recent studies, endotoxin or lipopolysaccharides 
have been used to induce MEE in animal models,^$ 
and lipopolysaccharide-induced inflammation has 
been shown to be regulated by a complex network 
of inflammatory mediators, particularly cytokines.^5 
Among the cytokines, interleukin-1D (IL-18), one of 
the proinflammatory cytokines, is thought to contrib- 
ute to the acute phase of the inflammatory response 
and promote the release of other cytokines. 


There have been many reports indicating the pres- 
ence of IL-18 in MEE. Yellon et al? first demonstrated 
the presence of IL-18 in MEE. They analyzed 95 hu- 


man MEE samples and found high levels of IL-1D in. 


5196 of the samples. Juhn et al!? analyzed 74 human 
MEE samples classified by age and type of effusion 
(serous, mucoid, or purulent) and found that IL-1 
levels were highest in purulent MEE. Himi et al! 
analyzed 144 human MEE samples classified by 
gross appearance and cytologic findings and also 
found significantly higher IL-1D concentrations in 
purulent or neutrophil-rich MEE than in other types 
of MEE. These findings suggest that IL-1D contrib- 
utes to infiltration of neutrophils into the middle ear. 
Maxwell et al!? demonstrated that IL-8 was consis- 


tently present in the MEE of children with OME and 
was strongly correlated with levels of IL-1. They 
also showed the level of IL-1, as well as that of IL- 
8, to be correlated significantly with several clinical - 
variables. Expression of IL-8 is enhanced by IL-18 
and is associated with neutrophil infiltration. Recent- - 
ly, Willett et al!? reported significant correlations be- 
tween concentrations of endotoxin and IL-1D. These 
findings suggest that IL-1ß is associated with the path- 
ophysiology of OME. 


In the present study, a murine model of OME was 
déveloped by intratympanic inoculation with endo- 
toxin or murine recombinant IL-1 (rIL.-10), and the 
responses were compared by immunologic and his- 
tologic analysis. Further, the effects of anti-IL-1 re- 
ceptor antibodies on endotoxin-induced OME were 
investigated in order to clarify the role of IL-1p in 
the pathogenesis of OME. 


MATERIALS AND METHODS 


Animals. Eighty-five specific pathogen-free male 
BALB/c mice between 6 and 10 weeks of age were 
used in this study. All animals were purchased from 
Seac Yoshitomi, Ltd (Fukuoka, Japan). 


Endotoxin. Endotoxin was isolated in our labora- 
tory from nontypeable Haemophilus influenzae cul- 
tured from the nasopharynx of a patient with OME 
according to the method of Westphal and Jann.!4 
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Induction of OME. The animals were anesthetized 
by intraperitoneal injection with ketamine hydrochlo- 


ride (0.6 mg/g), and the following procedure was per- . 


formed under a surgical microscope. An initial inci- 
sion was made in the retromandibular area along the 
angle of the mandible. Blunt dissection was performed 
to expose the tympanic bulla. With a 27-gauge needle, 
2 small holes were made in the tympanic bulla. One 
hole was used for injection of 10 uL (2 mg/mL) of 
endotoxin, 10 uL (10 ug/mL) of rIL-1B (Pharmingen, 
San Diego, Calif), or 10 uL of phosphate-buffered 
saline solution (PBS). The other hole allowed equi- 
libration of middle ear pressure. After injection, the 
holes were packed with bone wax. Upon completion 
of the procedure, the skin incision was closed with 
4-0 nylon sutures. The animals were observed dur- 
ing recovery and were allowed ample food and wa- 
ter. The procedure was performed on the right ear, 
and the left ear served as a control. . 


MEE Collection. Three days after intratympanic 
inoculation with endotoxin or PBS, a microscope was 
used to observe the presence of MEE through the 
eardrum, and the findings were classified into 3 cate- 
gories, as follows: no effusion, effusion with bubbles, 
and effusion without bubbles. The MEEs were col- 
lected through the eardrum by washing with 50 uL 
of PBS. The effusions were immediately centrifuged 
at 150g for 10 minutes and divided into liquid and 
cellular components. The liquid components were 
frozen and stored at —-80°C until analysis. The cellu- 
lar components were diluted in 200 uL of PBS and 
centrifuged at 1,000 rpm for 10 minutes for cyto- 
logic study by staining with hematoxylin-eosin. 


Bacteriologic Study of MEE. The MEEs from 5 
mice were cultured immediately after collection. Sam- 
ples were inoculated on chocolate agar plates with 
sterile cotton-tipped swabs. The plates were incu- 
bated for 48 hours at 37°C in a humidified atmo- 
sphere containing 5% carbon dioxide. 


Histologic Preparation. After the MEE samples 
were collected, the mice were perfused with 10% buf- 
fered formaldehyde and killed painlessly. For light 
microscopy, the temporal bones were immersed in 
10% buffered formaldehyde, decalcified with ethyl- 
enediaminetetraacetic acid, dehydrated through a 
graded ethanol series, and embedded in paraffin. Par- 
affin sections of each 6 um were stained with hema- 
toxylin-eosin or periodic acid—Schiff stain. For in situ 
hybridization, the temporal bones were fixed with 
10% buffered formaldehyde, decalcified with ethyl- 
enediaminetetraacetic acid, washed with 0.01-mol/ 
L PBS (pH 7:4) containing 30% sucrose, and em- 
bedded in Tissue- Tek OCT compound (Sakura Fine- 
tek USA, Torrance, Calif). 


Enzyme-Linked Immunosorbent Assay. The con- 
centrations of IL-1B in the MEE samples were deter- 
mined with the InterTest- 1B enzyme-linked immuno- 
sorbent assay kit (Genzyme Corp, Cambridge, Mass). 


. Inhibition of OME by Anti-IL-1 Receptor Antibod- 
ies. The influence of IL-1 receptor antibodies on the 
production of MEE was examined by intratympanic 
injection of anti-IL-1 receptor antibodies together 
with endotoxin. Purified rat anti-mouse IL-1 recep- 
tor antibodies type I/p80 and type II/p68 (both from 
Pharmingen) were injected together with endotoxin, 
and the presence of MEE was examined 3 days after 
injection as described above. 


Histologic Evaluation. The temporal bone tissue 
sections were examined microscopically in the ante- 
rior portion, the posterior portion, the inner side of 
the tympanic orifice of the eustachian tube, and the 
outer side of the tympanic orifice of the eustachian 
tube (Fig 1). The experimental and control ears were 
examined for epithelial thickness with the image pro- 


- cessor Nexus 6800 (Kashiwagi Research Co, Tokyo, 


Japan). The cellular components of MEE samples 
were examined microscopically. The numbers of leu- 
kocytes were counted at 400x magnification. The av- 
erages of counts from 4 fields were classified into 4 
grades: 0 to 10, 10 to 100, 100 to 200, and 200 or 
more cells per field. All histologic evaluations were 
performed in a double-blind fashion. 


In Situ Hybridization. A fluorescein isothiocyanate 
-labeled oligonucleotide complementary RNA probe 
for IL-1B and a control probe were purchased from 
Biognostick GmbH (Gottingen, Germany). Ten-mi- 
crometer frozen sections were placed on gelatin-for- 
malin slides and rehydrated in water. The slides were 
placed on an incubation tray, covered with 100 uL 
of 1-mg/mL proteinase K in 0.05-mol/L Tris-buff- 
ered saline solution, pH 7.6, and incubated for 30 min- 
utes at 37?C. The slide$ were then immersed in wa- 
ter, dehydrated in 99% ethanol, and air dried. The 
IL-1p probe or the control probe (50 pmol/mL each) 
in HybriBuffer ISH (Biognostick GmbH) was heated 
to 95?C for 3 minutes, chilled on ice, and placed on 
the sections. The sections were covered with a cov- 
erslip and hybridized in a humidified chamber for 
12 to 24 hours at 30°C. The coverslips were removed 
carefully, and the slides were washed 3 times for 3 
minutes each in Tris-buffered saline solution con- 
taining 0.196 Triton X-100. The sections were then 
covered with blocking solution and incubated for 10 
minutes. The blocking solution was removed, and 
rabbit F(ab') anti-fluorescein isothiocyanate-AP 
(Universal ISH Detection Kit, Novocastra Labora- 
tories Ltd, Newcastle, England) was added to the 
slides. The slides were incubated for 30 minutes; 
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washed 2 times for 3 minutes each in Tris-buffered 
saline solution, and washed for 5 minutes in phos- 
phate substrate buffer, pH 9.0. The sections were in- 
cubated sequentially with 5-bromo-4-chloro-3-in- 
dolylphosphate and nitroblue tetrazolium for 30 min- 
utes at room temperature. The sections were then 
counterstained with methyl green, mounted in crys- 
tal mounting solution (Biomeda, Foster City, Calif), 
and analyzed by light microscopy. Spleen tissues in- 
cubated with endotoxin from normal mice were used 
as a positive control. 


Statistical Analysis. Statistical analyses were per- 
formed with Student's t-test, X? test, or the Mann- 
Whitney U test as appropriate. A p value of less than 
.05 was considered significant. 


RESULTS 


Endotoxin-Induced OME. Microscopic examina- 
tion of the eardrum showed the presence of MEE in 
4 of 5 mice by 3 days after the injection with endo- 
toxin. Histologic examination of the middle ear re- 
vealed significant edema, infiltration of inflamma- 
tory cells into the submucosa or middle ear cavity, 
and increased numbers of goblet cells (Fig 2A). These 
changes were observed in all ears injected with en- 
dotoxin. Cytologic examination of MEEs showed in- 
filtration of neutrophils and macrophages (Fig 3A). 
Neither MEE nor these histologic changes were ob- 
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Fig 1. Portions of tympanic bulla examined for epithelial thick- 
ness (arrows). m — middle ear mucosa, b — bone, bm — bone 
marrow, Et — eustachian tube. A) Anterior portion. B) Poste- 
rior portion. C) Tympanic orifice of eustachian tube. Portion 
on left is outer side of tube; portion on right is inner side. 
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served in PBS-injected mice (n = 5). 


IL-1 B-Induced OME. Microscopic examination 
through the eardrum revealed MEE in 7 of 12 mice. 
The histologic findings of the middle ear mucosa and 
the cytologic findings of the MEEs were similar to 
those found in the mice with endotoxin-induced OME 
(Figs 2B and 3B). 


Bacteriologic Study of MEE. No colonies were ob- 
served in the culture. 


Enzyme-Linked Immunosorbent Assay. The mean 
concentrations of IL-1B in MEE were 201 + 12 pg/ 
mL (n = 10) in endotoxin-injected ears and 18 + 12 
pg/mL (n = 4) in PBS-injected ears. The concentra- 
tion of IL-1B in MEE was significantly higher in en- 
dotoxin-injected ears than it was in PBS-injected ears 
(p < .O1, Student's t-test). 


Inhibition of Endotoxin-Induced OME With Anti— 
IL-1 Receptor Antibodies. Production of MEE was 
observed in all ears injected with endotoxin (n = 14) 
and was not observed in any ears injected with PBS 
(n = 10). We found MEE in 6 of 12 ears injected 
with 1 ug of type I IL-1 receptor antibody and 2.5 
ug of type II IL-1 receptor antibody together with 
endotoxin. The incidence of MEE in ears inoculated 
with endotoxin together with type I and type II re- 
ceptor antibodies was significantly lower than that 
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in ears inoculated with endotoxin alone (p < .01). 


The mucosal thickness of the anterior part of the 
tympanic bulla (Fig 1A) was 81.4 + 12.8 um in the 
endotoxin-injected group, 70.1 + 16.8 um in the 
group injected with endotoxin and receptor antibody, 
and 38.6 € 16.6 um in the group injected with PBS. 
The mucosal thickness of the posterior part of the 
tympanic bulla (Fig 1B) was 66.7 + 11.7 um in the 
endotoxin-injected group, 43.4 + 14.4 uum in the en- 
dotoxin-plus-receptor-antibody-injected group, and 
29.9 + 2.3 um in the PBS-injected group. At the in- 


Fig 2. Histologic examination of middle ear mucosa (M). C — 
middle ear cavity. A) Mouse with endotoxin-induced otitis me- 
dia with effusion. B) Mouse with interleukin- 1 B—induced otitis 
media with effusion. C) Control mouse. 
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ner tympanic orifice of the eustachian tube (Fig 1C), 
the mucosal thickness was 97.5 + 11.3 um in the en- 
dotoxin-injected group, 84.2 + 21.1 um in the endo- 
toxin-plus-receptor-antibody-injected group, and 
45.5 + 11.0 um in the PBS-injected group. The mu- 
cosal thickness of the outer tympanic orifice (Fig 1C) 
was 75.5 + 4.6 um in the endotoxin-injected group, 
54.8 + 11.6 um in the endotoxin-plus-receptor-anti- 
body-injected group, and 29.3 + 10.3 um in the PBS- 
injected group. The epithelial and subepithelial thick- 
nesses were also decreased in the middle ear mu- 
cosa of ears inoculated with endotoxin together with 





Fig 3. Cells in middle ear effusions of otitis media with effusion induced by A) endotoxin or B) interleukin- | D. 
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Fig 4. Mucosal thickness. A) Anterior portion of tym- 
panic bulla. B) Posterior portion of tympanic bulla. C) 
Inner side of tympanic orifice of eustachian tube. D) Outer 
side of tympanic orifice of eustachian tube. Endotoxin 
— middle ear mucosa from ears inoculated with endo- 
toxin only; Type I-II — middle ear mucosa from ears 
inoculated with endotoxin plus type I and type II recep- 
tor antibodies; PBS — middle ear mucosa from ears in- 
oculated with phosphate-buffered saline solution only; n 
— number of mice. Statistical analysis was performed 
with Mann-Whitney U test. 


type I and type II receptor antibodies in comparison 
to thicknesses in mucosa from ears inoculated with 
endotoxin alone (Fig 4). 


The numbers of neutrophils were higher in MEEs 
collected from ears inoculated with endotoxin alone 
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Fig 5. Number of neutrophils in MEE. Endotoxin — ef- 
fusion from ears inoculated with endotoxin only; Type 
I+II — effusion from ears inoculated with endotoxin plus 
type I and type II receptor antibodies; PBS — effusion 
from ears inoculated with phosphate-buffered saline so- 
lution only. Statistical analysis was performed with Mann- 
Whitney U test. 


than in MEEs collected from ears inoculated with 
endotoxin plus type I and type II receptor antibodies 
(Fig 5). 


In Situ Hybridization. Expression of IL-1B mes- 
senger RNA (mRNA) was observed in the epitheli- 
um of the middle ear mucosa of mice inoculated with 
endotoxin (Fig 6). No IL-1B mRNA was detected in 
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Fig 6. Interleukin- 1B messenger RNA expression in middle ear mucosa. A) Mouse with endotoxin-induced otitis media with 
effusion. B) Positive control. C) Negative control (negative probe). D) Mouse with injection of phosphate-buffered saline 
solution. C — middle ear cavity, E — epithelium of middle ear mucosa. 
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the epithelia of the middle ear mucosa of PBS-in- 
jected ears or untreated ears. 
DISCUSSION 


In the present study, mice were used as the ex- 
perimental animals, and the induction of OME was 


‘demonstrated by intratympanic injection with endo- 


toxin isolated from nontypeable H influenzae. Fur- 
ther, OME was induced by intratympanic injection 
with rIL-1p, and the histologic and cytologic find- 
ings were similar to those in ears with endotoxin- 
induced OME. Mice are more suitable for immuno- 
logic and molecular biological analyses than other 
animals, because many immunologic agents for them 


. are available commercially. Johnson et al!» also de- 


veloped a murine model of OME by eustachian tube 
blockage and immunohistochemically demonstrated 
IL-10 expression in the middle ear. 


The effects of IL-1D on the induction of MEE have 
been investigated in animals other than mice. Johnson 
et al!® used a chinchilla model of otitis media in- 
duced by injection of heat-killed Streptococcus pneu- 
moniae after surgical blockage of the eustachian tube. 
They demonstrated a significant correlation between 
IL-18 and the presence of MEE. On the other hand, 
Catanzaro et al!” injected human rIL-1 into the mid- 
dle ear of guinea pigs transtympanically, but they 
did not succeed in inducing otitis media. They hy- 
pothesized that human rIL-1 does not activate IL-1 
receptors in guinea pigs. Thus, the role of IL-1B in 
animal models of OME is still controversial. 


In order to investigate the role of IL-1D in endo- 
toxin-induced OME, we injected anti-IL-1 receptor 
antibodies with endotoxin. The results showed that 
anti-I[L-1 receptor antibodies reduced the incidence 
of OME and pathological changes of the middle ear 
mucosa. However, the dose of IL-18 injected into 
the middle ears of the mice was much higher than 
that detected in the human MEE, and the inhibition 
of endotoxin-induced OME by anti-IL-1 receptor an- 
tibody was not complete. Ball et al!® investigated 


the role of IL-1 by injecting IL-1 receptor antago- 
nist in rats with endotoxin-induced OME. Since IL- 
| receptor antagonist did not significantly alter the 
production of MEE, they suggested that IL-1 was not 
associated with the production of MEE in this mod- 
el of OME. Those findings suggest that inflamma- 
tory factors other than IL-1D might be associated with 
the induction of OME. For example, DeMaria and 
Murwin?? reported that endotoxin induced tumor ne- 
crosis factor production locally in the middle ear of 
chinchillas. The production and action of IL-1 could 
be regulated by multiple pathways, although IL-1B 
might be one of the factors that participate in the path- 
ogenesis of MEE. 


That the concentration of IL-18 in MEE was ele- 
vated in the endotoxin-injected ears suggests that IL- 
1B was produced locally in the middle ear cavity. In 
order to clarify which cells are responsible for the 
production of IL-1B, we applied in situ hybridiza- 
tion. The results showed the expression of IL-1p 
mRNA in the middle ear epithelia. This is the first 
study to demonstrate the expression of IL-1B mRNA 
in the middle ear mucosa of an animal model of OME. 
Previous studies have demonstrated that airway epi- 
thelium can be the source of production of IL-1 p.291 
Those findings suggest that IL-1D could be produced 
by inflamed middle ear mucosa, as well as macro- 
phages and monocytes, by stimulation with endotox- 
in. 


In summary, OME was induced in mice by injec- 
tion with endotoxin isolated from nontypeable H in- 
fluenzae in mice. In this animal model, the concen- 
tration of IL-1B in MEE was elevated, and IL-1B 
mRNA was detected in the middle ear epithelium by 
in situ hybridization. Further, OME was induced by 
intratympanic injection of murine rIL-1B and was 
partially inhibited by injection of anti-IL-1 receptor 
antibodies. The findings suggest that IL-1B might 
be associated with the pathogenesis of OME. Fur- 
ther, a new strategy targeting cytokines such as IL- 
1B might be applicable to the treatment of OME. 
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BELL'S PALSY: ELECTRODIAGNOSTICS ARE NOT INDICATIVE OF 
CEREBROSPINAL FLUID ABNORMALITIES 
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Electrodiagnostic testing (electromyography, electroneuronography, and blink reflex) and cerebrospinal fluid (CSF) examination 
(cell count, immunoglobulins, and antigen-specific intrathecal immunoglobulin G synthesis against herpes simplex virus, varicella 
zoster virus, cytomegalovirus, and Borrelia burgdorferi sensu latu) were performed in 56 patients with Bell’s palsy. The CSF was 
normal in 45 patients and abnormal in 11 patients. Acute borreliosis was the most common specific pathological CSF finding (4 of 
11). Electromyography revealed abolished volitional activity in 22% of patients with normal CSF and in 36% with pathological CSF. 
Electroneuronographic tests with an amplitude decrease of more than 90% on the affected side or abolished responses were found in 
20% of patients with normal CSF and in 18% with pathological CSF. Abolished orbicularis oculi reflexes were seen in 67% of 
patients with normal CSF and in 82% with pathological CSF. Concerning electrodiagnostic testing, no statistically significant difference 
between patients with normal and abnormal CSF was found, so we conclude that electrodiagnostic testing has no indicative value for 


abnormal CSF in Bell’s palsy. 


KEY WORDS — Bell’s palsy, cerebrospinal fluid, electrodiagnostics. 


INTRODUCTION 


With an incidence of 0.2 per 1,000 inhabitants in 
northern Europe, Bell’s palsy is a common disease 


- of all ages.! Although the cause is still unknown, viral 


infections, in particular of the herpes virus group, 
are discussed.” In recent years, Borrelia burgdorferi 
has also been found to be a causative agent.?-1? A 
correct diagnosis is important, since treatment differs 
with the various causes and early treatment provides 
the best chance of a favorable outcome. The purpose 
of this study was to establish 1) to what extent patients 
with Bell’s palsy have abnormal cerebrospinal fluid 
(CSF) findings indicating inflammatory nervous sys- 
tem involvement and 2) whether patients with patho- 
logical CSF findings show any differences in their 
clinical or electrodiagnostic findings from patients 
with normal CSF. 


MATERIAL AND METHODS 


We examined 56 consecutive adult patients with 
Bell’s palsy between 1995 and 1997. We included only 
patients with acute, isolated, unilateral facial palsy in 
whom a lumbar puncture and electrodiagnostic testing 
were performed within 14 days after onset of disease. 
Patients with symptomatic facial palsy, such as trauma, 
tumor, a middle ear cause, Ramsay-Hunt syndrome, 
or herpes zoster infection, were excluded. Patients 
with diseases such as diabetes mellitus, malignancies, 
or chronic inflammatory disease were excluded. 


The following features were recorded: side and 
number of days between the onset of palsy and the 
examination, retroauricular pain, and diminished 
taste sense. All patients underwent clinical exami- 
nation for neurological status and examination of 
eyes and ears; herpes vesicles were sought. Computed 
tomography or magnetic resonance imaging of the 
brain was pérformed in all patients. The grade of the 
facial palsy was assessed with Stennert's grading 
scale and was scored as mild, moderate, or severe or 
total. 1? 


A CSF cell count was performed with phase con- 
trast microscopy and the Fuchs-Rosenthal chamber. 
Albumin and immunoglobulins G, M, and A were 
measured in unconcentrated CSF and serum by laser 
nephelometry. The function of the blood-CSF barrier 
and the amount of intrathecally synthesized immuno- 
globulins were determined with CSF and serum ratios 
of albumin and immunoglobulins according to Rei- 
ber and Felgenhauer.!^ Intrathecal IgG synthesis was 
also determined by isoelectric focusing of CSF and 
serum with polyacrylamide electrophoresis and silver 
staining for detection of oligoclonal bands. Antigen- 
specific intrathecal IgG synthesis against herpes 
simplex virus, varicella zoster virus, cytomegalovirus, 
and Borrelia burgdorferi sensu latu was determined 
by a standard enzyme-linked immunosorbent assay 
(ELISA) in corresponding CSF and serum samples 
that were diluted to identical IgG concentrations of 1 
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mg/dL. Specific IgM antibodies against B burgdor- 
feri sensu latu were only detected in blood sera by 
ELISA, and positive results were checked by Western 
blot. 


Standard electromyography (EMG) was performed 
in the frontalis and orbicularis oris muscles of the 
affected side.!> The facial nerve was electrically stim- 
ulated with supramaximal-intensity electroneuronog- 
raphy (ENoG) at the stylomastoid foramen. The com- 
pound muscle action potential (CMAP) was recorded 
from a surface electrode placed on the orbicularis 


oris and frontalis muscles in order to calculate the ` 


ratio between the amplitude of the CMAP on the af- 
fected side and that on the normal side.!6 The blink 
reflex was examined with percutaneous electrical 
stimulation at the supraorbital foramen and surface 
EMG recording at both orbicularis oculi muscles.!7.!5 


‘The electrodiagnostic results were classified as nor- 


mal, pathological, or abolished responses. Electro- 
neuronography tests with an amplitude decrease of 
more than 90% were graded as abolished responses. 


The Mann-Whitney 2-tailed rank test was used for 
comparison between groups. 


RESULTS 


We studied 56 adult patients (32 men and 24 wom- 
en). The palsy was mild in 7 patients (13%), moderate 
in 18 (32%), and severe or total in 31 (55%). Thirty- 
nine patients had retroauricular pain, and the taste 
sense was impaired in 33 patients. Cerebral computed 
tomography and magnetic resonance imaging dis- 
closed no disorders related to the facial palsy. 


‘CSF Findings. The CSF was normal in 45 patients 
(80%) and abnormal in 11 patients (20%). Six pa- 
tients demonstrated an isolated mononuclear pleo- 
cytosis ranging from 5 to 31 cells per microliter (me- 
dian, 15 cells per microliter). In 2 patients, we de- 
tected a mild pleocytosis (4 and 5 cells per microliter) 
in CSF in combination with positive IgM antibodies 
against B burgdorferi in blood serum. Two patients 
showed a combination of CSF pleocytosis (10 and 
38 cells per microliter), intrathecal IgG synthesis ac- 
cording to laser nephelometry, and a specific intrathe- 
cal IgG synthesis against B burgdorferi. One patient 
revealed specific intrathecal IgG synthesis against 
herpes zoster virus. All patients with mild palsy 
showed normal CSF, 2 patients (11%) with moderate 
palsy showed pathological CSF, and 9 patients (29%) 
with severe or total palsy had pathological CSF. There 
was no statistically significant difference between the 
groups concerning the incidence of retroauricular pain 
(71% normal CSF, 64% pathological CSF) or of taste 
sense impairment (60% normal CSF, 55% pathologi- 
cal CSP). 


.Electrodiagnostic Testing. Seven patients demon- 
strated normal EMG results.(6 with normal CSF, 1 
with pathological CSF). Thirty-five patients showed 
pathological EMG findings (29 with normal CSF, 6 
with pathological CSF), and 14 patients showed abol- 
ished volitional acitivity (10 with normal CSF, 4 with 
pathological CSF). Electroneuronography with an 
amplitude decrease of less than 5096 on the affected 
side was found in 6 patients (all normal CSF), an 
amplitude decrease between 5096 and 9096 was found 
in 39 patients (30 with normal CSF, 9 with patho- 
logical CSF), and an amplitude decrease of more than 
90% or an abolished response was found in 11 pa- 
tients (9 with normal CSF, 2 with pathological CSP). 
No patient had a normal blink reflex. Seventeen pa- 
tients showed a pathological reflex response (15 with 
normal CSF, 2 with pathological CSP), and abolished 
blink reflexes were seen in 39 patients (30 with nor- 
mal CSF, 9 with pathological CSF). There were no 
statistically significant differences between the pa- 
tients with normal CSF and those with pathological 
CSF concerning electrodiagnostic testing. 


DISCUSSION 


Electrodiagnostic testing and CSF examination 
were performed in 56 patients with Bell’s palsy. We 
examined only patients whose clinical data, ie, history 
and examination, suggested an “idiopathic” facial 
palsy. In 80% of these patients, the CSF was normal; 
however, 20% had pathological CSF findings. For 
the 11 abnormal CSF results, an explanation could 
be found in 5 cases, and 6 cases remained unex- 
plained. 


In a study of 230 patients with idiopathic facial 
palsy, Kohler et al!? reported abnormal CSF in 11% 
of the cases. An explanation could be found in 5 of 
these 29 cases, while 24 of the 29 remained unex- 
plained.!? Roberg et al?? examined 56 patients with 
Bell’s palsy and found CSF pleocytosis in 15% and 
an elevation of intrathecal immunoglobulins in 3096 
of their cases. Weber et al,?! who examined 62 pa- 
tients with Bell’s palsy, noted abnormal CSF in 25%. 
The most common pathological finding was a slight- 
ly impaired blood-CSF barrier, and pleocytosis was 
found in 7 of the 62 patients.” 


In our study, Lyme disease was the most common 
specific pathological CSF finding. Four of 11 patients 
had an acute infection with Borrelia, with mononu- 
clear CSF pleocytosis and serum Borrelia IgM anti- 


‘bodies in 2 cases, and intrathecal antibody synthesis 


in another 2 patients. Isolated facial palsy in Lyme 
disease is a difficult problem. Often, the facial paresis 
is accompanied by more diffuse symptoms, such as 
arthralgia or meningoradiculitis.?? If a peripheral fa- 
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cial palsy is the only symptom, the diagnosis can be 
missed. Furthermore, positive serology for Borrelia 
does not necessarily imply that the palsy is due to 
Lyme disease, since a high percentage of the popu- 
lation in high-risk areas demonstrates positive serol- 
ogy.” Nevertheless, diagnosis of underlying borrelio- 
sis is important, because a specific treatment is nec- 
essary for fast recovery and to avoid other manifes- 
tations. Jonsson et al! note that CSF examination 
gives earlier results than serologic blood tests in bor- 
reliosis and recommend CSF examination if borreli- 


osis is suspected. Hydén et al’ reported 3 patients. 


with isolated facial palsy and normal serology who 
demonstrated elevated CSF titers to Borrelia. Similar 
findings were noted by Roberg et al*? in a group of 
56 patients with acute facial paresis in which 2 cases 
were due to borreliosis and showed normal serum 
parameters. Neither patient had a history of a tick 
bite or erythema migrans, and without a CSF exam- 
ination, the diagnosis would have been missed.79 


One patient in our series demonstrated intrathecal 
herpes zoster antibody synthesis without showing any 
vesicles in the course of the disease. Serology is often 
not useful at the beginning of the paresis, but rapid 
diagnosis is important, since early treatment with acy- 
clovir and prednisone is effective. 1924 


Concerning electrodiagnostic testing (EMG, 
ENoG, and blink reflex), we investigated whether 
there are any differences between patients with nor- 
mal CSF and those with pathological CSF to indicate 
a probable symptomatic palsy. No statistically sig- 


 nificant difference between the two groups was found, 


so we conclude that electrodiagnostic testing has no 
indieative value for abnormal CSF in Bell's palsy. 
Transcranial magnetic stimulation within the canalic- 
ular portion of the facial nerve and on the contralat- 
eral motor cortex in combination with ENoG seems 
to be more specific in separating different causes.?5/26 
As it is a relatively new approach, it was not used in 
our series. Concerning clinical features, neither retro- 
auricular pain nor taste sense impairment showed any 
significant differences between the two groups of pa- 
tients. ' 


CONCLUSION 


Twenty percent of our patients with Bell's palsy had 
abnormal CSF, as did 29% of patients with severe or 
total paresis. The-leading symptomatic cause was acute 
borreliosis. Electrodiagnostic testing had no indicative 
value for abnormal CSF. A CSF examination in Bell's 
palsy is necessary for early detection of symptomatic 
forms, which require fast and specific treatment. 
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TOPICAL ASCORBIC ACID REDUCES MYRINGOSCLEROSIS IN 
| PERFORATED TYMPANIC MEMBRANES 
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Myringosclerosis, a common finding after myringotomy, has been recently associated with an increased production of oxygen 
free radicals. Ascorbic acid’s proposed actions include collagen synthesis, antioxidation, and free radical scavenging. The effects of 
topical ascorbic acid on healing tympanic membranes were studied. Particular attention was given to detecting the presence of 
myringosclerosis. Twelve Sprague-Dawley rats were bilaterally myringotomized. Their ears were randomized into group A, which 
received topical ascorbic acid in Gelfoam, group B, which received topical saline solution in Gelfoam, and group C, which received 


- no treatment. The tympanic membranes were harvested on day 13, after routine otomicroscopy. Under light microscopy, the connec- 


tive tissue layer of the untouched side of the pars tensa was distinctly thicker in group A than in group B or group C. At this level, the 
extent of sclerotic lesions was significantly less in the ascorbic acid-treated group. It is inferred that topical ascorbic acid reduces the 
occürrence of myringosclerosis following tympanic membrane perforations in the rat. 


KEY WORDS — ascorbic acid, myringosclerosis, myringotomy, rat, tympanic membrane, vitamin C. 


INTRODUCTION 


An intact and vibrating tympanic membrane (TM) 
is of the utmost importance for the normal physiol- 
ogy of hearing. Its movement is hampered by lesions 
of sclerotic material, as seen after ventilation tube 
placement. Previous animal experiments suggest an 
intimate relationship between the formation of my- 
ringosclerosis (MyS) and an increased concentration 
of oxygen in the environment of the wound follow- 
ing myringotomy.! Further, the development of scle- 
rotic lesions could be prevented by topical applica- 
tion of oxygen free radical scavengers.” 


Ascorbic acid (AscA), synonymous with vitamin 
C, participates-in roles in health maintenance as di- 
verse as leukocyte activity,?^ nonheme iron absorp- 
tion,’ eye defense from ultraviolet light,$ and possi- 


. ble protection against cancer.’ The ability of this 


molecule to protect against free radical-mediated tis- 
sue damage is well acknowledged.5? Furthermore, 
the effect of AscA on wound healing has been exten- 
sively studied in different structures — for example, 
the colon,!? cornea,!! skin,!? and gingiva.!? Ascor- 
bic acid seems to actively participate in different steps 
of the synthesis and formation of connective tissue, 
such as collagen gene expression and hydroxylation 


with an increased secretion of collagen in parallel 
with an augmented production of some of the matrix 
glycoproteins. 4 


In recent years, an increasing interest has focused 
on the possibility of interfering with the healing of 
TM perforations through topical application of bio- 
active substances.1?-!7 Although a few studies were 
published in the Japanese literature regarding the me- 
tabolism of AscA in the ear during chronic inflam- 
mation,!®!9 to our knowledge there is a lack of re- 
ports focusing on the use of AscA on the healing TM. 


The purpose of the present investigation was to 


study the effects of topical application of AscA after 


myringotomy, with particular attention to the devel- 


opment of MyS. 


MATERIAL AND METHODS 


Twelve healthy male Sprague-Dawley rats, of the 
same age and weighing 250 to 300 g, were used for 
the study. All animals were kept under standard labo- 
ratory conditions and were given pellets and water 
ad libitum without any vitamin restriction. The re- 
search protocol was in compliance with the Institu- 
tional Committee for the- Care and Use of Labora- 
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Fig 1. Schematic drawing represents rat tympanic mem- 
brane and standardized area of perforation (shaded), lev- 
els of sectioning (horizontal lines), and spots selected 
for measurements (intersections). 


tory Animals of the University of Umea. For all of 
the procedures, the rats were anesthetized intrave- 
nously with a short-acting barbiturate, methohexital 
sodium (Brietal; Eli-Lilly and Company, Indianapo- 
lis, Ind), via a tail vein. Under the otomicroscope, a 
perforation, standardized in size, occupying almost 
the entire superior rear quadrant of the TM, was made 
with a myringotomy lancet through an ear speculum. 


Each ear was randomized to receive one of the 
following topical treatments immediately after the 
myringotomy (day 0): 1) group A (9 ears), which had 
covering of the perforation with a rounded pledget 
of Gelfoam (The Upjohn Co, Kalamazoo, Mich) 
soaked in a solution of 28-mmol/L AscA (C6H806) 
in sterile water (pH 3); 2) group B (9 ears), in which 
the perforation was covered with Gelfoam soaked in 
sodium chloride 9 g/L; and 3) group C (6 ears), in 
which the perforation was left untouched. 


The TM status was routinely evaluated under the : 


. otomicroscope by 2 observers simultaneously on days 
1,3, 5, 7, 10, and 13. The findings were documented 
on standardized protocol sheets. On days 1 and 3, 
group A and B ears received an additional topical 
treatment, through instillation of drops containing 
AscA and saline solution, respectively, over the resi- 
dues of Gelfoam, through an ear speculum. Thirteen 
days after the myringotomy, the animals were pain- 
lessly sacrificed with an intraperitoneal overdose of 
pentobarbital sodium (Pentobarbitalnatrium, Apotek- 
sbolaget, Stockholm, Sweden) and decapitated. The 
tympanic bulla was immediately dissected free, 
opened; and filled with a fixative solution contain- 
ing 3% glutaraldehyde in 75-mmol/L sodium cacody- 
late buffer (pH 7.4) with 4% polyvinylpyrrolidone 
and 2-mmol/L calcium chloride added. After immer- 
sion in the fixative at 4°C for 24 hours, the TMs were 
dissected out in toto in continuity with the adjacent 
external ear canal skin under a stereomicroscope. Af- 
ter a brief rinsing in cacodylate buffer, the pars tensa 


and pars flaccida were separated from each other with 
a sharp scalpel and post-fixed overnight in 1% os- 
mium tetroxide. The specimens were then dehydrated 
in Increasing concentrations of ethanol and embed- 
ded in an epoxy resin (Polybed; Polysciences Inc, 
Warrington, Pa). For light microscopy, semithin sec- 
tions (1 um) were cut perpendicular to the handle of 
the malleus, collected, and stained with toluidine 
blue. Sections were prepared from 3 standardized lev- 
els of the upper quadrants of the pars tensa and from 
2 levels of the pars flaccida. Under a light micro- 


Scope equipped with an eyepiece micrometer scale, : 


the distance from the handle of the malleus to the 
annulus was divided into 4 equal parts, in which the 
pars tensa thickness was measured (Fig 1). Each sec- 
tion of the pars flaccida was also divided into 4 parts, 
and the thickness was measured. A semiquantitative 
analysis of myringosclerotic deposits was performed 
on each section in a blinded manner with a 4-point 
scale: no visible MyS, occasional MyS, moderate 
MyS, and severe MyS. For transmission electron 
microscopic observations, ultrathin sections were.cut 
and contrasted with uranyl acetate and lead citrate. 
The statistical significance of the results was tested 
with the X? test, and with the 2-tailed Fisher exact 
test (2 groups) or the Kruskal-Wallis test (more than 
2 groups) for unpaired samples. 


RESULTS 


Otomicroscopy. On day 1 after myringotomy, di- 
lated vessels in the annular region, in the. anterior 
and posterior tympanomalleolar folds, and extend- 
ing along the handle of the malleus were noticed in 
all TMs. The vascular reaction was most intense in 
group A. White, chalky spots in the pars tensa could 
be distinguished in most of the nontreated controls 
and in a few of the saline-treated TMs. The sclerosis 
pattern occurred mainly on the noninjured side of 
the region around the umbo. 


On day 3, an increase in vessel caliber was ob- 
served to be still more enhanced in the group A, 
AscA-treated TMs. A bulging yellow pars flaccida, 
representing the presence of effusion in the epitym- 
panum, affected 2 of 3, 1 of 3, and 1 of 3 cases in 
groups A, B, and C, respectively. In 1 TM of group 
A, faint, whitish deposits of MyS were detected, and 
in all cases in groups B and C, whitish lesions were 
seen extending along the handle of the malleus. 


On day 5, reactions at the borders of the perfora- 
tions were observed. On TMs devoid of scaffolding, 
a spur of keratin, originating from the anterior-supe- 
rior region of the myringotomy rim, was noticed. Two 
TMs of group A had spontaneously lost the Gelfoam 
pledget, and their perforation rims showed intense 
signs of keratin production together with a dark yel- 
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Fig 2. Schematic drawing depicts 
otomicroscopic distribution of 
myringosclerotic deposits on day 
13, according to different treat- 
ment methods (groups A, B, and 
C). Note that myringosclerosis is 
located in anterior quadrant, and 
area of healed perforation is rep- 
resented in posterior-superior 
quadrant. Numbers show number 
of eardrums with myringosclero- 
sis per number of eardrums in 


Ascorbic Acid (2/9) 
group. 


Group A 


low color to this area. In groups B and C, the scle- 
rotic lesions continued to increase in intensity and 
became more widespread along the handle of the 
malleus and also in the annulus region, still prefer- 
entially in the nonperforated quadrant. Two cases in 
group À were now also affected by MyS. 


Postmyringotomy day 7 was characterized by a 
peak of vascular exuberance. For the first time, very 
thin capillaries, originating as branches from the an- 
nular and malleolar vessels, were noticed reaching 
the border of the perforation. The intensity of this 
vascular pattern was more evident in group A than in 
groups B and C. All perforations were reduced to 
less than half of their original size. An elevated cir- 
cular rim of keratin was present in those cases with- 
out Gelfoam, and in the remaining cases, the gelatin 


sponge seemed to be deeply incorporated in the TM. 


tissue. 


On day 10, the numbers of closed perforations 
were 7 of 9, 6 of 9, and 3 of 6 in groups A, B, and C, 
respectively. The differences were not significant. 


By day 13, all TMs were closed except for 1 in 
group A. This particular case was less than 10% of 
its initial size and exhibited an intense keratiniza- 
tion. In all other TMs, the area of the healed perfora- 
tion was opaque — more markedly in groups A and 
B than in group C. The vascular reaction had almost 
vanished, although some capillaries could yet be de- 


tected in the vicinity of the traumatized area. The . 


Mys deposits in group C, the nontreated cases, were 


TABLE 1. LIGHT MICROSCOPIC EVIDENCE OF 
MYRINGOSCLEROSIS IN PARS TENSA 


Myringosclerosis 

Group None : Occasional Moderate Severe 
‘A (ascorbic 

acid; n = 9) 6 1 2 
B (saline solution; 

n=9) ND 2 3 
C (no treatment; 

n=6) I 5 





Saline Solution (9/9) 
Group B 


No Treatment (6/6) 
Group C 


confluent, forming a horseshoe-shaped pattern. This 
feature was less intense in the saline group and faint 
or nonexistent in the AscA-treated TMs (Fig 2). Only 
2 cases in group A showed any signs of MyS, and 
then in small amounts. In the pars flaccida, no MyS 
could be observed with the otomicroscope. 


Light Microscopy. The amount of MyS in the pars 
tensa is depicted in Table 1. The most extensive MyS 
in the pars tensa specimens was found in the untreated 
ears (Fig 3). The MyS occurred predominantly in the 
region adjacent to the handle of the malleus, but also: 
near the annular region. The MyS deposits were 
sometimes confluent and could be observed in the 
middle layer on both sides of the handle of the mal- 
leus, although they were more pronounced on the non- 
injured side. Similar findings were present in the TMs 
of the saline group (Fig 4). In contrast, only 3 speci- 
mens treated with AscA showed any light micro- 
scopic evidence of MyS, and then with few and scat- 
tered deposits. The occurrence of MyS deposits was 
significantly different between groups A (3/6) and B 
(9/0; p « .01) and between groups.A (3/6) and C (9/ 
0; p « .03), but the difference between groups B and 
C was not significant. 


A significant variability in the TM thickness of 
the anterior-superior quadrants could also be distin- 
guished (Table 2). The AscA-treated TMs were the 
most thickened (Fig 5). The thickening of the AscA 
TMs seemed mainly to be due to a swollen middle 
connective tissue layer. This layer showed an in- 
creased number of fibroblasts characterized by an 
increased nucleus-cytoplasm ratio, suggesting aug- 
mented metabolic activity. The reaction in the middle 
layer was slight in the saline group and negligible in 
the nontreated TMs. 


The epithelial layers, both keratinizing and muco- 


- sal, appeared normal, except in the area previously 


perforated, in which single or double layers of kera- 
tinocytes with signs of an increased production of 
keratin, visible nuclei, and “pseudopodia” facing the 
basal lamina could be observed. An increased amount 
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Fig 3. Light micrographs of pars tensa left untouched after myringotomy. mec — middle ear cavity. A) Survey micrograph 
(toluidine blue, original x30). eac — External auditory canal. B) Detail of boxed area in A (toluidine blue, original x550). Note 
extensive sclerotic lesions in lamina propria (arrows). 


of keratin debris was detected inside the external au- 
ditory canal in group A. 


In the majority of group A and B cases, islands of 
Gelfoam still persisted on the TM, undergoing a pro- 
cess of degradation. This process was accompanied 
by a foreign body-type reaction in which a glossy, 
structureless substance was being digested in the pres- 
ence of macrophages, giant multinucleated cells, 
some mast cells, and fibroblasts, along with increased 
vascular proliferation. The inner mucosal layer cells 
were flat and, in some cases, slightly cuboidal. 


The pars flaccida was quite similar in appearance 
in all groups. The outer keratinocyte layer looked 
thicker than in the pars tensa. The lamina propria 
was well developed, with a random distribution of 
collagen and elastic fibers in between fibroblasts and 
rare macrophages. Adjacent to the epidermal layer, 
mast cells could be seen in proximity to the capillar- 
ies and nerve fibers. Occasional MyS lesions were 
noticed in 3 of 9, 7 of 9, and 4 of 6 cases in groups A, 
B, and C, respectively. The sclerotic deposits were 





predominantly located close to the inner epithelial 
layer. The inner epithelium was flat, but was some- 
times interrupted by ciliated mucosal cells. No inter- 
group differences could be detected in the thickness 
of the pars flaccida (Table 2). 


Electron Microscopy. The MyS lesions in the pars 
tensa were localized in between the collagen fibers 
of the lamina propria. They were distributed among 
both fiber layers: the inner layer with circular fibers 
and the outer layer with radiating fibers. The major- 
ity of deposits were, however, in the latter layer. These 
lesions varied from granular, electron-dense depos- 
its with an irregular surface to confluences of more 
rounded, globular, multilamellar structures (Fig 6). 


In the pars flaccida, the MyS lesions, mostly of the 
round, multilamellar type, were predominantly lo- 
cated in the submucosal region. 


DISCUSSION 


In the present investigation, topical AscA appli- 
cation to the perforated TM of the rat was associated 
with a significant reduction of MyS in the pars tensa. 





I0 
B : 


Fig 4. Light micrographs of pars tensa treated with topical application of saline solution after myringotomy. A) Survey micro- 
graph (toluidine blue, original x30). B) Detail of boxed area in A (toluidine blue, original x550). Note abundant sclerotic 


lesions in lamina propria (arrows). 
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TABLE 2. TYMPANIC MEMBRANE THICKNESS AT DIFFERENT LEVELS OF ANTERIOR-SUPERIOR QUADRANT OF 
PARS TENSA AND OF PARS FLACCIDA 


Anterior-Superior Quadrant of Pars Tensa 
2nd Level 
21.6132 
10:7 3-30 
ID. 2-3. 
p 2.0012 


Group Ist Level 
A (ascorbic acid; n = 9) 22:6 £ 9:3 
B (saline solution; n = 9) 10.3 + 4.0 
C (no treatment; n = 6) ALLO 

p = .0007 


Data are mean + SD in micrometers. 


There are several explanations as to how AscA 
could prevent MyS. In the absence of adequate en- 
dogenous AscA, hydroxylated collagen tends not to 
accumulate within the cytoplasmic vacuoles of cells, 
consequently becoming more sensitive to degrada- 
tion.2? However, this degradation did not seem to oc- 
cur in the present study, as increased extracellular con- 
nective tissue was detected, along with signs of an 
enhanced fibroblastic activity. Previous studies??? 
suggested that sclerosis preferentially occurred in 
areas in which the connective tissue was more dense. 
Our results in part seem to confirm this hypothesis, 
as the MyS deposits in the pars tensa predominated 
in the saline-treated and nontreated cases that showed 
athinner connective tissue layer. However, in the pars 
flaccida, where the connective tissue is typically more 
lax, we could still find MyS deposits in all groups. 
That the 2 distinct effects of AscA — increase of 
collagen and reduction of MyS — are coincidental 
cannot be excluded. 


A connection between the low pH of the AscA so- 
lution used and the reduction of MyS deposits might 
also be considered. In an earlier report,? an acidic 
environment was associated with a reduction of scle- 
rotic deposits in the TM. 


An increased oxygen concentration in ears with 
traumatized TMs has been shown to increase the ex- 


Pars Flaccida 





3rd Level l st Level 2nd Level 
36.1 + 14.6 67.4 + 19.3 STET 1S3 
IEE 237 62.3 + 14.8 49.3 t 11.1 
10.8+ 2.4 56.2 115.3 51.7 90 
p 2.0002 p = .898 p = .426 





tent of MyS deposits.! Furthermore, data strongly 
support the importance of inflammation with produc- 
tion of oxygen free radicals in the pathogenesis of 
MyS.?^ This sequence was shown to be arrested in 
the presence of free radical scavengers in the injured 
tissue. Thus, the role of AscA as an antioxidant in 
the prevention of MyS is the most attractive hypoth- 
esis of all. However, a synergistic effect of the Gel- 
foam scaffolding on the prevention of MyS has to be 
considered, as this might protect the middle ear from 
an increased oxygen tension. This effect is likely, as 
the noncovered TMs showed the most intense de- 
posits. 


Also, according to Monboisse and Borel,^? super- 
oxide anion is capable of fragmenting collagen with 
secondary liberation of small peptides containing hy- 
droxyproline. Ascorbic acid could play a role in pre- 
venting this sequence by protecting collagen from 
hydroxyl radicals in the presence of oxygen. !* 


In the present study, the regions in the vicinity of 
the annulus and along the malleus handle were the 
preferential sites of MyS deposits. One may specu- 
late that this localization might be due to a higher 
saturation of soluble oxygen in these richly vascu- 
larized areas, which, together with the shear stresses 
created on the fibers by myringotomy,?? could lead 
to increased production of oxygen free radicals. 





Fig 5. Light micrographs of pars tensa treated with topical application of ascorbic acid after myringotomy. A) Survey micro- 
graph (toluidine blue, original x30). B) Detail of boxed area in A (toluidine blue, original x550). Note increased thickness of 


lamina propria and absence of sclerotic lesions. 
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Fig 6. Electron micrograph of pars tensa from specimen 
treated with saline solution depicts 2 different types of 
myringosclerotic lesions encountered: rounded, multi- 
lamellar lesions with confluent characteristics (dark ar- 
rows) and granular, electron-dense structures with spiked 
surface (open arrows). mec — middle ear cavity. 


During wound healing, an excess of iron ions acts 
negatively,? apparently through the activation of free 
radicals that interact with fibroblast cell membranes, 
impairing the synthesis of collagen. According to Vax- 
man et al,?° reporting the healing of skin sutures in 
humans, the supplementation of AscA leads to a de- 
creased iron content in the tissue and a subsequent 
improvement in healing. Mattsson et al? obtained a 
reduction of MyS with the iron chelator desferrioxa- 
mine. Consequently, the decrease in iron ions affect- 
ing the free radical cascade may also be another bene- 
ficial effect of AscA in the present model. 





Nitric oxide promotes endothelium-dependent va- 
sodilation. The bioactivity of this molecule is par- 
tially dependent on its interaction with superoxide. 
Ascorbic acid and superoxide dismutase, acting as 
scavengers of superoxide radicals, indirectly preserve 
the activity of nitric oxide.?? Recently, the potentia- 
tion of nitric oxide synthesis in endothelial cells by 
the action of L-AscA was also demonstrated.?? Both 
effects might be related to the enhanced vascularity 
observed otomicroscopically in the AscA-treated 
TMs compared to the saline-treated and nontreated 
TMs. 


The noninjured anterior quadrant reacted consis- 
tently, like a mirror image of the injured side, to the 
various treatment methods. The decision to restrict 
the measurements of thickness to the nonperforated 
side of the TM was justified by the presence of re- 
maining Gelfoam in the area previously perforated, 
creating unreliable measurements. 


In the present study, the rat was used to investi- 
gate the influence of AscA on healing TM perfora- 
tions. Unlike humans, rats are able to endogenously 
synthesize AscA. Thus, no dietary variations of the 
AscA content should influence the results. This al- 
lowed us to conclude that topical supplementation 
of AscA was responsible for the effects noted. That 
AscA exerts effects in nondeprived animals has been 
shown in rabbits kept under standard nutrition, in 
which an additional administration of AscA was as- 
sociated with increased tensile strength of a colonic 
anastomosis.!° Similarly, oral lesions in guinea pigs 
showed enhanced healing following daily intake of 
AscA above the standard requirements, in compari- 
son to controls fed a standard, nondeprived diet.!? 


From this investigation, it is concluded that AscA 
strongly diminishes the occurrence of MyS in the 
healed TM after a myringotomy. These observations 
open different avenues for future studies to evaluate 
the possible mechanisms involved, long-term effects, 
and clinical applications of AscA. 
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INTRODUCTION . 


In children, sinusitis is usually a mild illness in- 
volving often the ethmoid sinus but sometimes also 
the frontal sinus. The most common complication of 
ethmoiditis 1s orbital infection, and that of frontal 
sinusitis is intracranial invasion, which may be life- 
threatening.' The clinical expression of ethmoidi- 
tis and of frontal sinusitis in children is inflamma- 
tory eyelid edema. The treatment lies in antibiotics 
and steroids, which may mask neurologic symptoms 
of intracranial invasion. Correct diagnosis and knowl- 
edge of underlying sinusitis are essential for proper 
patient management. Therefore, imaging techniques 
are highly important. Computed tomography (CT) 
scans have traditionally beeri used, but magnetic reso- 
nance imaging (MRI) is more efficient for the detec- 


tion of endocranial complications of sinusitis in chil- . 


dren.?-9 


Ethmoiditis occurring in children over 6 years old 
carries a risk of frontal sinus involvement. The vari- 
ability of development of the frontal sinuses is well 
known.$ They begin as outpouchings of the anterior 


. ethmoid cells at about 1 year of age, but usually can- 


not be radiographically distinguished until 5 or 6 
years. The sinus grows vertically until 18 years of 
age, when the average adult volume of 6 to 7 cm? is 
obtained. The thin inner plate of the frontal sinus is 
almost all compact bone, while the outer plate is com- 
posed of both cancellous and compact bone.9 Since 
the early initial growth of the sinus is over the inner 
plate, the frontal recess becomes tortuous and may 
be prone to obstruction in children.? Valveless veins 
extending through the bony frontal sinus wall afford 
direct communication from the sinus mucosa to veins 
in the dura mater; hence, septic thrombi can easily 
induce intracranial complications.’ 


Hópital Necker, Paris, France. 


CASE REPORT 


. On June 24, 1999, an 11-year-old boy was exam- 
ined in the emergency room of our department for 
fever, rhinopharyngitis, and right superior eyelid ede- 
ma. The symptoms had started 8 days before admis- 
sion and had increased slowly since. The ophthal- 
mological examination revealed a right chemosis and 
ophthalmoplegia. No exophthalmia had been noted. 
The peripheral white blood cell count was 12,000/ 
mL (9,000 neutrophils), the erythrocyte sedimenta- 
tion rate was 76 mm/h, and the C-reactive protein 
level was normal. An MRI scan showed a right orbi- 
tal abscess with right pansinusitis and enhancement 
of the meninges (Figs 1-3). The treatment consisted 
of surgical drainage of the abscess (external ethmoid- 
ectomy) and intravenous antibiotic therapy (amoxi- 
cillin-clavulanate and amikacin). The frontal sinus 
was not irrigated after the drainage. A Gram stain 
from the abscess pus identified Porphyromonas and 
Streptococcus. The patient left our department on July - 
3 with a persistent right superior eyelid edema. The 
treatment at home consisted of oral SOME aa 
ulanate for 15 days. 


On July 29, clinical examination findings were 
normal, except for persistent right superior eyelid ede- 
ma. A CT scan showed a slight hypodensity of the 
right frontal lobe, evoking cerebritis. An MRI scan 
showed an increased signal of the right frontal lobe 
without brain edema on T2-weighted images (Fig 4). 
The findings of angiographic MRI were normal. In- 
travenous antibiotic therapy was started in our de- 
partment. It included ceftriaxone, metronidazole, and 
amikacin. After 5 days of evolution, the clinical ex- 


_amination findings remained identical. Intravenous 


steroids were added to the antibiotic therapy and con- 
tinued for 5 days, and the patient left our department 
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Fig 1. Sagittal magnetic resonance images show preseptal orbital abscess. A) Tl-weighted fast spin echo image shows en- 
hancement of frontal meninges (arrows) without contrast injection. B) T2-weighted image shows localized cortical edema 


(arrow). 


on August 10. He completed a 10-day course of oral 
steroids and amoxicillin-clavulanate at home. No an- 
ticoagulation treatment was ordered. On September 
13, the findings of clinical examination and MRI were 
normal. 


DISCUSSION 


Although the usual management of ethmoiditis 
does not include imaging procedures, it might be im- 
portant to use such procedures when the frontal si- 
nuses are involved. Much attention should be paid 
to the age of the child and whether a frontal sinus 
already exists. This case confirms that MRI is a use- 
ful tool in the detection of endocranial complications 
of sinusitis in children. Precise determination of the 
sinusitis site and its relationship to adjacent struc- 
tures is essential, since it influences the therapeutic 


strategy. Septic thrombosis of the frontal cortical veins 
was presumed to be the cause of our radiologic find- 
ings. 


The frontal sinus is located in a supraorbital posi- 
tion by the age of 4 years, but is not radiographically 
distinguishable from the ethmoid sinus until 5 to 6 
years of age. It grows progressively for another 8 to 
10 years before reaching full adult size.? The vas- 
cular supply of the frontal sinus originates in the dura 
mater for the inner table, in the periorbita for the or- 
bital plate, and in the cranial periosteum for the outer 
table. Venous mucosal drainage occurs through the 
diploic veins extending through the bony sinus wall.’ 
The extensive nature of this diploic venous system 
affords direct communication from the sinus mucosa 
to the marrow spaces of the frontal bone, to veins in 





Fig 2. Frontal magnetic resonance images show right ethmoiditis. A) Tl -weighted fast spin echo image shows local swelling 
of cortex of right frontal lobe (arrow). B) T2-weighted image shows orbital abscess (arrow). Note thickening of mucosa of 
right maxillary sinus. 
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Fig 3. T1 fast spin echo axial magnetic resonance image 
shows right frontal sinusitis (black arrow) with local 
swelling of cortex of right frontal lobe (white arrow) and 
edema of soft tissues of upper eyelid. 


the dura mater, to the superior sagittal sinus, and 
through the cortical veins to distant parts of the skull 
and cerebrum.!? The lack of valves within these di- 
ploic veins allows for blood flow in any direction 
and accounts for the propagation of septic thrombi 
from the vessels of the mucosa to bone, dura, and 
brain. The dura mater acts as a barrier to bacterial 
invasion, being relatively impermeable to infecting 
agents.” This barrier effect explains the rarity of bac- 
terial meningitis complicating frontal sinusitis. The 
frontal lobes are typically a neurologically silent area, 
and abscess formation may not produce any focal 
signs. 


Orbital complications are most often due to eth- 
moid sinusitis, but frontal sinusitis may progress to 
the development of subperiosteal and/or orbital ab- 
scesses.!! A series of 6 children with orbital ab- 
scesses has been presented.!? Those with frontal si- 
nusitis developed abscesses in the superolateral lo- 
cation, as shown here. In addition to thrombophlebi- 
tis and septic microemboli, it was suggested that di- 
rect extension through congenital bony dehiscences 
posterior to the trochlear fossa at the supraorbital 
notch and at the junction of the middle and outer 
thirds of the frontal sinus floor, would explain the 
preponderance in this location.'? 


The most common symptoms of frontal sinusitis 
are headaches, rhinitis, local tenderness, and pres- 
sure sensations. Nasal obstruction, fever, and fatigue 
are less common. Patients with intracranial compli- 
cations present mostly headache and fever, but these 
signs are not specific. When patients with sinusitis 
are assessed to exclude intracranial complications, 
the signs sought are nuchal rigidity, localizing neu- 
rologic signs, and alteration of consciousness. If these 
are absent, it is assumed that the patient does not 
have an intracranial lesion. This is not necessarily 





Fig 4. T2 axial magnetic resonance image shows cere- 
britis extending to whole right frontal lobe without brain 
edema, with fluid remaining in right frontal sinus (ar- 
row). 


true. Cerebritis may occur in children without the clas- 
sic signs and symptoms referable to an intracranial 
lesion.!3 


For unknown reasons, intracranial complications 
of frontal sinusitis have been predominantly de- 
scribed in male patients, with a peak in the second 
and third decades.!^ In a retrospective study of in- 
tracranial infections secondary to paranasal sinusitis 
occurring over a 12-year period, the median age was 
14 years, with 89% of patients over 9 years, and 78% 
of the patients were male.!^ In our case, the persis- 
tence of eyelid edema in an adolescent male patient 
was a sign of high importance, prompting us to look 
for intracranial infection. 


A routine CT scan may be an inadequate initial 
study in patients with intracranial sepsis associated 
with sinusitis. It has been recommended that contig- 
uous [0-mm-thick semiaxial slices through the cra- 
nium should be imaged before and after administra- 
tion of intravenous contrast medium and followed 
by thin axial slices (3 to 5 mm) through the frontal 
and ethmoid sinuses. These should be viewed with 
a bone window (minimum window width, 3,000 
Hounsfield units) to demonstrate the presence and 
full extent of sinus disease.! Subdural empyemas 
are seen without intravenous contrast enhancement, 
but contrast medium is necessary for outlining small 
epidural abscesses and for differentiating cerebritis 
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from brain abscesses. Anonenhancing hypodense area 
suggesting cerebritis can evolve into a ring-enhanc- 
ing lesion with surrounding edema. Infection in the 
sinuses is more likely to extend intracranially along 
the valveless diploic veins. Thrombophlebitis that oc- 
curs in small cortical veins is difficult to diagnose. It 
may cause necrosis and is a common precursor of 
brain abscess.!9.16 Intracranial complications include 
meningitis, epidural or subdural empyema, cerebral 
empyema, and cavernous sinus thrombosis. Subdu- 
ral empyema has been considered to be the most fre- 
quent intracranial complication of sinusitis.! -'? How- 
ever, frontal lobe abscess was suggested as the most 
frequent by a combined institutional review.’ 


A CT scan may not be the radiologic study of 
choice for the diagnosis of sinusitis and its compli- 
cations. An MRI scan is more sensitive in delineat- 
ing the extent of cerebral edema and inflammation 
associated with the infectious process. Use of MRI 
has been proved useful in distinguishing malignant 
tissue from inflammatory disease.?? It can also dis- 
tinguish intrasinus hemorrhage and fungal sinusitis 
from other causes of sinus opacification more accu- 


rately than CT.2!.22 Routine MRI images of the head 
performed because of suspected intracranial disease 
are usually obtained in the axial plane and therefore 
include views of all 4 sinuses. Normal sinus mucosa 
is very thin and is beyond the spatial resolution of 
MRI. The majority of infections and chronic inflam- 
matory diseases of the sinuses have bright signal in- 
tensities on T2-weighted images, caused by increased 
water content. Fungal masses in allergic fungal sinus- 
itis represent an exception, since they show no or lit- 
tle resonance on T2-weighted images.** The MRI ap- 
pearance of inflammatory processes on T 1-weighted 
images is more variable and is related to protein con- 
tent. Serous secretions yield low signal intensities 
that rise as the percentage of proteinaceous material 
in the fluid increases.?? Neither air nor cortical bone 
produces a signal on any MRI sequence. 


Intracranial complications may occur in sinusitis 
involving the frontal sinuses in young children with- 
out clinical neurologic signs. Magnetic resonance im- 
aging is more sensitive than CT in diagnosing intra- 
cranial sepsis at an early point in its development 
and should therefore be used in the first place. 
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SOFTWARE REVIEW 
EXPERIENCE WITH STATVIEW 5.0 


Company: SAS Institute Inc, SAS Campus Dr, Cary NC 27513; www.statview.com. 


Hardware requirements: Operating systems: Microsoft Windows 3X, Windows 95, or Windows 
NT. Minimum RAM, 8 Mb for Windows 3X or 95, and 12 Mb for Windows NT. Hard disk space 
required, 18 Mb. Macintosh and Power Macintosh, minimum CPU, any Macintosh or Power Macintosh, 
68040 or better recommended. Minimum system version, 7.1. Minimum RAM, 4 Mb free (11 Mb for 


Power Macintosh with Virtual Memory turned off). 


The choice of platforms and software data analy- 
sis involves considerations of computational power, 
graphic display, ease of transfer to other platforms 
and applications, and ease of use.! ? Research involv- 
ing large sets of data used to be labor-intensive.? We 
use the personal computer for most of our scientific 
work, not only for data management and graphics, 
but also for statistical analysis. There are many com- 
puter programs, but very few stand out as truly use- 
ful, time-saving, and work-enhancing. One of them 
Is StatView. StatView software is designed for sci- 
entific and medical researchers, analysts, and any- 
one who needs to analyze data and present their re- 
sults.^^ The functions and the use of the software 
package StatView for Windows are described here. 


StatView may be installed from a CD. It comes 
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with 2 manuals, Using StatView and StatView Refer- 
ence. Both manuals are well written. 


A good way to get started with StatView is by 
going through the tutorial, which takes about 1 to 2 
hours. There are several places to look for help. The 
help menu gives general advice and instructions for 
several tasks. The manuals provide more detailed in- 
structions and also a useful introduction to the sta- 
tistical analyses. When a data set is opened, it ap- 
pears as a spreadsheet in the Data Set Window. An 
attributes pane may be opened at the top of the data 
window. One enters data into the databases through 
an edit window, tabbing from field to field as one 
provides the required information. Scrolling down 
the pane reveals summary statistics of the columns, 
which are automatically updated. This is very impor- 
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tant when checking the data quality. 


When a view window is opened, the Analysis 
Browser appears that lists the analytical methods and 
graphs. Summary statistics shown in the spreadsheet 
update automatically whenever the data change (see 
Figure). 


StatView can import plain text or Excel files along 
with SAS Transport and SAS data set files. One can 
also enter data into the databases through an edit win- 
dow, tabbing from field to field to provide the re- 
quired information. There are fields for classes (nom- 
inal or continuous variables), analysis stage, and deci- 
mal places. 


The functions available in StatView include com- 
prehensive statistics (descriptive statistics, frequency 
distribution, percentiles, t-tests, confidence intervals, 
variance tests, correlation and covariance, regression, 
ANOVA, cross-tabulation tables), survival analysis 
(nonparametric methods, regression models), qual- 
ity control (subgroup measurement, individual mea- 
surement, Pareto analysis), and presentation graph- 
ICs. 


When requesting descriptive statistics, the user 
may select “basic” or “complete,” which give exact- 
ly what the words imply. Percentiles and frequency 
tables are available as separate analysis options. The 
ANOVA button of the Analysis Browser offers uni- 
variate and multivariate analyses of 1-way and fac- 
torial designs, as well as analyses of repeated mea- 
sures designs. As displays, StatView offers summary 


statistics and interaction bar or line charts. The Re- 
gression button allows the user to select an ANOVA 
table, a regression summary table, or a table of re- 
gression coefficients. Various regression plots and 
diagnostics may be added and residuals or fitted val- 
ues may be saved as new variables in the data set. 


StatView offers a variety of graphs for displaying 
categorical and continuous variables. 


StatView has an incredibly intuitive interface. 
Analyses, variables, and results all appear in "brows- 
ers" that sit on the desktop. There are no commands 
or scripts to memorize. With built-in hints and a com- 
plete Windows help system, help is only a click away. 


StatView is a clear and clean program. It is rela- 
tively easy to use. Altogether, StatView provides an 
excellent combination of features and ease of use. It 
Is an excellent program. A word of caution, how- 
ever, is needed. The aforementioned features may 
induce inappropriate use of statistics and thus may 
result in false conclusions.!? Therefore, a qualified 
statistician is indispensable for advice on the choice 
of appropriate tests and complex statistical analy- 
ses. 


MICHAEL REISS, MD 

GILFE REISS, MD 

Dept of Ear, Nose and Throat 
Klinikum Górlitz 

James von Moltkestrasse 52 
D-02827 Gorlitz 

Germany 
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BOOK REVIEWS 


Surgical Solutions for Conductive Hearing Loss 


Mirko Tos. Hard cover, illustrated, indexed, 269 pages, 2000. 
Thieme, Stuttgart, Germany, $149. 


Purpose: Described and discussed in detail are surgical solu- 
tions for a conductive hearing loss due to ossicular fixation. 


Contents: The book contains 4 sections: tympanosclerosis 
and postinflammatory, posttraumatic, and postoperative bony 
fixations of the ossicular chain. Three sections concern otoscle- 
rosis (13 chapters) and congenital ossicular fixations and de- 
fects, along with classifications and embryology (3 chapters). 


Attributes and Limitations: All aspects of fixation of the tym- 
panic membrane and ossicular chain are discussed. Although 
tympanic membrane fixation by tympanosclerosis is rare, Dr 
Tos deals with the pathogenesis and pathology of all surgical 
methods used for myringosclerosis. Surgery of tympanosclerotic 
stapes fixation may be treated with stapes mobilization after 
removal of the plaques. Stapedectomy is more commonly rec- 
ommended when there is a defective or absent malleus and in- 
cus. Statistics on mobilization results for such cases would be of 
benefit. 


The preferred treatment for malleus head fixation is an exten- 
sive atticotomy with removal, of course, of the lesion and leav- 
ing the ossicular chain intact. The defect is then treated with 
cartilage reconstruction. Dr Tos prefers this method, rather than 
the bypass ossicular chain technique. 


In the section on otosclerosis, the author has chosen to give 
areview of almost every author from the literature and diagram- 
matically shows their techniques. This portion is an excellent 
historical review of past techniques and complications. Perhaps 
every prosthesis that has ever been manufactured is shown dia- 
grammatically. Dr Tos himself, at the present time, recom- 
mends stapedectomy and gives excellent reasons for his argu- 
ments in favor of this method. 


There are excellent reviews throughout the book of various 
classifications according to the condition or anomaly of the ear, 
and the review in the last part, on minor congenital malforma- 
tions, is very worthy. Dr Tos recommends surgery at no younger 
than 10 years of age, because of concern for middle ear infec- 
tion. Patients with congenital ankylosis tend to have maximum 
conductive hearing loss and typically are identified early in life 
and should have amplification with hearing aids. As one who 
deals with such cases, I disagree with that age (10 years), feeling 
that it is late, and would rather the patient have normal natural 
hearing through surgery before school begins at age 6. 


Applicability: Certainly, everyone who practices otology 


should have this volume, in that it well summarizes various and 
conclusive surgical solutions for conductive hearing loss. To 
make it easier for the reader, Dr Tos could consider omitting 
some of the descriptions throughout the book and some of the 
repetition (though not great), to form an atlas. He has a good 
start for such a book through the 576 illustrations. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Teaching Atlas of Head and Neck Imaging 


Robert Lufkin, Alexandra Borges, and Pablo Villablanca. 
Hard cover, illustrated, indexed, 470 pages, 2000. Thieme, 
New York, NY, $99. 


Purpose: Crafted to be a casebook, this was written by radiol- 
ogists and geared to give the radiologist a more thorough knowl- 
edge of head and neck pathology. The authors feel there is a need 
for this, since they see patients referred for head and neck im- 
aging who have not been previously evaluated in this area. This 
is a result of modern medical care, in which workup of patients 
has been streamlined through a number of mechanisms that 
have ultimately resulted in less access to medical resources and 
expertise. In essence, patients have only a limited clinical work- 
up. Patients are being sent directly to a radiology department for 
examination and triage. Thus, the radiologist must have a more 
thorough knowledge of the head and neck and the conditions 
thereof. All aspects ofthe head and neck are covered in the book. 
Within each section there are radiographic studies followed by 
radiographic findings, differential diagnoses, and discussion, 
which is broken down into features such as epidemiology, path- 
ophysiology, clinical findings, imaging findings, and manage- 
ment. Highlighted are pearls and pitfalls. Suggested readings 
are included. 


Attributes and Limitations: Reading case studies like those 
presented in this text is somewhat stimulating, compared to a 
textbook on radiology, which tends to put one to sleep. The au- 
thors have reviewed current information on the mechanisms and 
preferred treatment of the disorders, all of which are otolaryn- 
gological. They give accurate descriptions in their presenta- 
tions. Although the radiographic prints are readable, they could 
have been better in quality. 


Applicability: The book provides pertinent and applicable 
material for clinicians of the otolaryngology-head and neck 
specialties, as well as radiologists. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 
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